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 Abstract 
The energy performance of buildings is rather important from both economic and 
environmental aspect. The evaluation of the energy performance of buildings is the first 
step for improving the energy efficiency of the building stock. Energy efficiency 
measures that improve the energy inefficient parts of a building can be implemented 
given that they are economically feasible. The evaluation of the energy efficiency of the 
International Hellenic University building is conducted and possible improvement 
suggestions, such as thermal insulation and replacement of the heating system, are 
presented. The feasibility of the suggestions is investigated using economic factors for 
evaluating the economic viability of the projects suggested. The factors used are the 
depreciated payback period, the net present value, the internal rate of return and the 
savings to investment ratio. 
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1. Thesis Motivation and Objectives 
Energy is the driving force of our society. After the industrial revolution in the 18th 
century, fossil fuels are the most commonly used source for covering the energy 
demand worldwide. The beginning of this era varies according to different historians. 
Eric Hobsbawm held that it 'broke out' in Britain in the 1780s and was not fully felt 
until the 1830s or 1840s, while T. S. Ashton held that it occurred roughly between 1760 
and 1830 (Ashton, 1997; Hobsbawn, 2004).Fossil fuels’ high energy content, their ease 
to find, exploit and transport, their abundance of supply, especially for coal, and their 
fairly low cost are some of the reasons that led to their extensive use. However, in the 
last decades significant environmental concerns have been raised about the contribution 
of fossil fuels in global pollution levels, mostly due to the emission of different gases 
harmful to the atmosphere. Several policies and measures have been adopted worldwide 
in order to reduce the emissions; such as the Kyoto Protocol, United Nations 
Framework Convention on Climate Change and European Legislation on pollution and 
climate change. Also because of the large increase of energy demand in the last 
decades, of about 5% annually and the steadily reduction of the easily and cheaply 
extracted fossil fuel reserves, the fossil fuel prices have risen to historically high levels. 
For the aforementioned reasons it becomes increasingly necessary to consider both 
alternative sources of energy in order to meet the demand and energy saving measures 
in order to reduce the demand in all sectors, building, transportation and industrial. 
Methods and measures for the improvement of energy performance in the building 
sector, which has a major contribution to the greenhouse gas emissions increase, are 
used, as they could significantly reduce their energy demand. More specifically, in 
Greece, in more than 70% of the building stock none or inefficient energy  technologies 
have been applied to or implemented. This means that their energy demand is rather 
high and improvements could lead to significant energy savings, whilst at the same time 
improve the indoor thermal comfort conditions. 
Within this concept, this work focuses on the energy performance of the IHU building, 
which accommodates the administrative offices, classrooms, and the auditorium of the 
International Hellenic University. An attempt is made to quantify the energy 
performance of this building and based on the results to suggest improvement measures 
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and methods which are technically and economically feasible. More specifically, an 
extended research on the literature about energy performance and energy performance 
improvements is done, and the methods for their economic evaluation are studied. A 
summary of the improvements on the building’s envelope and in its electromechanical 
installations  is presented, in order to make the best choice for the specific building. In 
addition, a feasibility study is conducted in order for the more efficient solution to be 
proposed. Specific economic evaluation methods are chosen to rank the improvement 
measures. 
The structure of the thesis is as follows: 
Chapter 2, introduces energy performance of buildings, especially in schools and 
universities. A description of the Greek legislation concerning the energy consumption 
in buildings is presented and the software program used for measuring the energy 
performance of buildings is described. 
Chapter 3, describes the energy audit performed. Results are presented and by analyzing 
the results of the audit, conclusions are drawn and discussed for the energy performance 
of the building. 
Chapter 4, introduces an analytic description of the technically and economically 
feasible suggestions for the improvement of the energy performance of the university 
building according to the results derived from the audit performed. The results of the 
feasibility study are discussed and commented. 
Finally in chapter 5, the conclusions of the energy performance of the buildings and of 
the feasibility study conducted are presented and summarized. 
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2. Introduction to Energy Performance of Buildings 
This chapter aims to describe the importance of measuring and improving the energy 
performance of the buildings. First, a brief literature review is presented concerning the 
performance of buildings in various sectors and the improvements that could be 
implemented. Then the importance of economic feasibility of these improvements is 
discussed, and a description of the Greek Legislation regarding the energy consumption 
in buildings is presented. Finally, the software program used in this work for 
quantifying the energy performance of a building is described. 
2.1. Energy Performance of Buildings 
In the past decades air, soil and water pollution is increasing rapidly and many efforts 
are made worldwide so as to avoid the destruction of the environment. When observing 
that the worlds total final energy consumption during the last 35 years has more than 
doubled, according to IEA (2010) Key World Energy Statistics, with approximately 
36% accounted to the building sector1 and that buildings are responsible for 
approximately 10,14% of the total CO2 emissions in 2008 before allocating emissions 
from electricity and heat generation and approximately 33,44% after allocating 
emissions from energy production (IEA,2010) it is easy to conclude that measures 
should be taken if the situation is to be reversed. 
Given that the lifetime of buildings is rather long, between 50 and more than 100 years, 
and that the number of existing buildings with low energy performance is very high, the 
potential for improving their energy efficiency is rather large. The buildings that are 
over 30 years old are 70% of the building stock while approximately 35% are more than 
50 years old, a fact that explains the emphasis that is given on the energy performance 
improvement of the existing buildings. 
In order that decisions can be made, there are various factors to be taken into account, 
some of them positively influencing decision-making and some of them with negative 
influences. These factors are analytically presented in the following subsections and 
finally a summary of the improvement measures are stated. 
                                                
1 Building Sector includes commercial, public-services and residential buildings. 
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2.1.1. Benefits of Improving the Energy Efficiency in Buildings 
In order for the renovations, improvements and measures to be implemented the 
benefits of these interventions have to be evaluated and assessed. There are numerous 
benefits such investments could bring despite the fact that the most commonly used is 
the economic evaluation and sometimes the environmental impact of the interventions. 
The economic benefits are basically used for deciding whether an investment is feasible, 
profitable and if the present and future economic benefits are adequate for 
implementing such an investment. The other accompanying benefits are not taken into 
account in most cases, since the energy efficiency investments are considered and 
evaluated from a purely business economic perspective. Nevertheless, there are also 
other advantages of energy efficiency investments that could counteract the lack of 
profitability of the private economy point of view (Jakob, 2006), which are: 
• Economic Benefits: There are various economic evaluation methods that can be 
used for assessing the economic viability of the energy saving measures such the 
Net Present Value, the Internal Rate of Return, the Saving to Investment Ratio, 
the Depreciated Payback Period (Nikolaidis et al.,2009; Papadopoulos et. Al, 
2002; Damodaran, 2010). 
In order, though, to measure the economic benefits of an investment various 
parameters that have to been taken into account that could lead to different 
conclusions. For a more in depth analysis, the age of the building studied or the 
energy related costs should be taken into account. When considering such 
boundary conditions a more precise and careful decision about the feasibility of 
an intervention is taken and unacceptable economic results are avoided 
(Papadopoulos et al., 2002). 
Nikolaidis et al. (2009) have economically evaluated various energy saving 
measures that could be implemented basically in residential buildings in Greece. 
They have concluded that amongst the most effective methods are the upgrading 
of lighting, the insulation of the roof of the building and the installation of an 
automatic temperature control system. 
The implementation of the energy saving measures can be applied independently 
from each other and depend on the available retrofit budget and the underlying 
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motivation. An hierarchy of these measures should be taken into account for 
deciding which are to be implemented and by what order until the limits (mostly 
financial ones) set are met. (Verbeeck et. Al, 2005). 
• Environmental Benefits: As already mentioned the building stock has a 
significant impact on the environmental pollution and consequently, 
interventions in order to improve their environmental performance, should be 
measured and evaluated. The most thoroughly studied pollutant in the terms of 
emissions reduction caused by energy efficiency measures taken is CO2 (Balaras 
et al., 2007; Mirasgedis et al., 2004; Rolfsman, 2002). The energy systems in a 
local or national area could affect the assessment of the emissions savings from 
energy measures and even some energy conservation measures might increase 
the CO2 emissions levels (Rolfsman, 2002). 
The benefits of energy measures on emission reduction do not only include CO2 
emissions but affect all the greenhouse gases. These effects can be evaluated and 
conclusions on the overall performance of energy measures could be drawn 
(Papadopoulos et. al, 2008; Georgopoulou et al., 2006). 
• Co-Benefits: These are benefits not energy-related but are other accompanied 
benefits such as, increased living comfort and operating ease, protection against 
external noise, additional safety, lower occurrences of respiratory illnesses and 
improved leasing potential or betterment (Jakob, 2006).These benefits are 
difficult to be quantified and are mentioned only in few cases especially 
concerning the real estate economy. In this case these benefits can be expressed 
in monetary terms. 
• Public Economy Ancillary Benefits: These benefits arise as avoided external 
costs basically through reduced emissions. Many countries, for example the 
European Union countries, have ratified commitments to reduce greenhouse 
gases by 8% until 2012. In case of not complying with the commitments, 
penalties are imposed to the member states, which in some cases could be 
avoided or at least reduced through energy efficiency measures. 
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2.1.2. Barriers to Energy Efficiency Improvements in Buildings 
Investment in energy efficiency measures is the most cost effective way of reducing 
emissions and reducing energy demand. Nevertheless, there are various barriers that 
lead to fail to invest despite the fact that in some cases these investments are profitable 
and economically viable. The main barriers to energy efficiency are summarized in the 
following: 
• Imperfect Information: The lack of information concerning both energy 
efficiency opportunities and energy performance of technologies. It could also 
mean that inadequate information regarding the energy consumption levels exist. 
All the above mentioned problems could lead to not investing or to investing too 
little in energy efficiency (Scheich, 2009) 
• Hidden Costs: Consist of costs which cannot be easily observed or quantified 
and could be (i) inferior performance of energy efficiency measures, like 
different lighting quality provided by energy efficient bulbs, (ii) production 
costs, like production interruption during energy efficient measure installation 
and (iii) overhead costs of energy management, which “includes all the 
organizational costs associated with establishing and maintaining an energy 
management scheme, investing in specific energy-saving technologies, and 
implementing specific energy-efficient options within broader investment 
programs” (Scheich, 2009). 
• Risk and Uncertainty: This barrier may represent both financial as well as 
technical risk. Financial risk meaning that despite the fact that the investment in 
energy efficient measures might be of low financial risk, the business specific 
risk, the regulatory risk or the general economy risk might lead to rejecting such 
an investment. Technical risk represents the uncertainty caused by the 
unreliability of the energy efficient technologies used. The risk of investing in 
such technology could possibly outweigh the cost saving benefits (Svheich, 
2009). 
• Access to Capital: This barrier refers to capital restrictions from the investor. For 
describing more analytically this concept an example from Golove and Eto 
(1996) is used: “The capital that may be available through, for example, credit 
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card debt (for those who can obtain them), does not distinguish between 
purchases or investments and is generally very costly compared to other forms 
of credit. If a consumer wishes to purchase an energy efficient piece of 
equipment, its efficiency should reduce the risk to the lender (by improving the 
borrower’s net cash flow, one component of credit-worthiness) and should, but 
does not, reduce the interest rate, according to the proponents of the theory of 
market barriers”. This is also applied in all types of efficiency investments and 
risk for such investments should be lower, and consequently the rate of return 
should be adjusted accordingly, but in most cases this does not happen (Golove 
and Eto, 1996; Scheich, 2009). 
• Split Incentives and Appropriability: “The split incentives are transactions or 
exchanges where the economic benefits of energy conservation do not accrue to 
the person who is trying to conserve” (Golove and Eto, 1996). The most suitable 
example for describing this barrier is the landlord- tenant dilemma or investor- 
user dilemma. Neither the landlord nor the tenant is willing to invest on energy 
efficient measures since the first one would not benefit from the investment and 
the later might move out before fully benefiting from the investment (Golove 
and Eto, 1996; Scheich, 2009).  
• Bounded Rationality: “Because of bounded rationality some opportunities for 
improving energy efficiency are neglected — even if there is access to perfect 
information and the incentive structure is appropriate”. In some cases the 
rational way of analyzing the given information is not used and decisions are 
taken based on routines or on other parameters unrelated to the energy saving 
measures (Scheich, 2009). 
2.1.3. Energy Efficiency Interventions 
Having considered the benefits as well as the barriers of energy efficiency interventions 
it is easier to state and present the different methods and energy conservation measures 
that exist and describe the possible benefits of each one. These measures could be 
implemented in all types of buildings industrial, commercial, residential but could have 
different benefits for each use or even be unacceptable in terms of economic viability. It 
is also necessary in order to properly evaluate every possible conservation method to 
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collect all the available data for the building studied and to accordingly to choose the 
correct evaluation method. 
The energy efficiency measures could concern: 
• Improving the Building Envelope 
• Improving the Electromechanical Installations 
• Change the Electrical Appliances 
• Use of Renewable Energy Systems 
In the following table (Table 2.1) the various energy efficiency methods are 
summarized based on the literature review done within the context of this thesis: 
Table 2.1: Energy Efficiency Measures 
Energy Efficiency Measures Possible Energy 
Savings 
CO2 Savings 
(kt)2 
 
Thermal insulation of external walls 
for buildings without or inadequate 
insulation 
23-60% for space 
heating 
3573,6 
Balaras et al.,2007 
Nikolaidis et al, 2009 
Verbeeck et al., 2005 
Mirasgedis et al., 2004 
Thermal insulation of roofs for 
buildings without or inadequate roof 
insulation  
2-34,5% for space 
heating 
549,6 
Balaras et al., 2007 
Nikolaidis et al, 2009 
Verbeeck et al., 2005 
Mirasgedis et al., 2004 
Thermal insulation of pilotis for 
buildings without or inadequate pilotis 
insulation 
35,5% for space 
heating 
 
Nikolaidis et al, 2009 
Verbeeck et al., 2005 
Mirasgedis et al., 2004 
Weather proofing, sealing of openings 
16-21% for space 
heating 
1712,2 
Balaras et al., 2007 
Mirasgedis et al., 2004 
Installation of double glazing openings 
7-20% for space 
heating 
1539,2 
Balaras et al., 2007 
Nikolaidis et al, 2009 
Verbeeck et al., 2005 
Mirasgedis et al., 2004 
Maintenance of central heating 
installations 
10-12% for space 
heating 
951,4 
Balaras et al., 2007 
Mirasgedis et al., 2004 
                                                
2 Referring only to Energy Efficiency measures concerning the Hellenic Residential Building Stock, 
according to Balaras et al. (2007) and Mirasgedis et al. (2004) 
Chapter 2: Introduction to Energy Performance of Buildings 
Page 9 
 
Replacement of inefficient boilers with 
energy efficient oil burners 
17% for space 
heating 
438,6 
Balaras et al., 2007 
Papadopoulos et al.,2008 
Verbeeck et al., 2005 
Mirasgedis et al., 2004 
Replacement of inefficient boilers with 
energy efficient natural gas burners 
21% for space 
heating 
144,0 
Balaras et al., 2007 
Papadopoulos et al., 2008 
Verbeeck et al., 2005 
Mirasgedis et al., 2004 
Installation of temperature balance 
controls for central space heating 
3-6% for space 
heating 
156,8 
Balaras et al., 2007 
Mirasgedis et al., 2004 
Installations of space thermostats 
3-6% for space 
heating 
146,9 
Balaras et al., 2007 
Mirasgedis et al., 2004 
Installations of external shading 
10-20% for space 
cooling 
78,2 
Balaras et al., 2007 
Mirasgedis et al., 2004 
Installation of ceiling fans 
60% for space 
cooling 
93,0 
Balaras et al., 2007 
Mirasgedis et al., 2004 
Replacement of old an inefficient local 
air-conditioning units 
70-72% for space 
cooling 
240,9 
Balaras et al., 2007 
Nikolaidis et al, 2009 
Mirasgedis et al., 2004 
Installation of solar collectors for 
sanitary hot water production 
50-80% for sanitary 
hot water 
2709,7 
Balaras et al., 2007 
Nikolaidis et al, 2009 
Verbeeck et al., 2005 
Mirasgedis et al., 2004 
Installation of energy efficient lamps 60% for lighting 817,3 
Balaras et al., 2007 
Mirasgedis et al., 2004 
Replacement of old inefficient 
electrical appliances 
63% of electric 
consumption 
 
Nikolaidis et al, 2009 
Installation of PV cells for electricity  
Extra 25% 
reduction on the 
total primary 
energy 
consumption for 
insulated buildings 
 
Verbeeck et al., 2005 
Use of night time ventilation  54 Georgopoulou et al., 2006 
Installation of building management 
system 
 12983 
Georgopoulou et al., 2006 
                                                
3 Referring only to Energy Efficiency measures concerning the Building Stock in Greece, according to 
Georgopoulou et al. (2005) 
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2.1.4. Energy Efficiency in the Education Sector 
As far as it concerns energy efficiency and performance in the higher education sector 
the existing literature is rather short. According to Fuller and Sullivan (1978), the 
energy performance of the Ohio University campus, after modifications and 
improvements on the building and the operation of the campus’s equipment, had 
improved significantly. More particularly, a reduction of 15,6% in the total electrical 
consumption was reached and a 43% reduction on the total heat energy (natural gas and 
heat oil) was achieved. The cost avoidance attributed to the energy conservation 
exceeds $3.8 million. They concluded that heating and cooling systems are the most 
energy consuming elements of the building and they mentioned that there are several 
modifications, “quick-fix” modifications, which would bring a return on investment of a 
very short period. Succinctly the “quick-fix” modifications are presented in the 
following table (Table 2.2): 
Table 2.2: “Quick-fix” Modifications 
Unoccupied shutdown of building systems 
Scheduling building occupancy to minimize system operating hours 
Reduction of building lighting levels 
Reduction of exhaust and make-up air volumes 
Reducing ventilation air 
Reduction in supply air fan volumes 
Increased mixed air temperature set points on air handling systems 
during heating season 
Adjustment and calibration of temperature control system 
Shutdown of stand-by equipment and sequencing operation of multiple 
units on demand instead of operating boilers, chillers in parallel 
Check and adjust boilers and chillers for maximum operating efficiency  
Insulate steam, jot water and chilled water piping 
Source: “Energy efficiency at the Ohio State University”, (Fuller and Sullivan, 1978) 
Kalkan et al. (2011) focus on power and heat generation, sustainability concepts that 
can be implemented in the Campus of University of Southampton. These concepts could 
lead in more energy efficient and sustainable operation of the campus within an aspect 
of economic and feasibility viability. 
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A study from Di Stefano (2000) revealed that the energy savings from alternative 
scenarios of improving the energy efficiency lighting systems at Melbourne University, 
could reach 64,9% and the reduction of CO2 could be up to 10%. However, investment 
in lighting technologies with high initial cost is not effective due to three reasons 
according to the writers: (i) low lighting system operating hours, (ii) low cost of 
electricity and (iii) high cost of energy efficient lighting components. Nevertheless, 
cheaper lighting technologies could lead to more cost-effective solutions. 
More papers concerning the primary and secondary education have been published and 
since there is a relative connection between the way of operation of universities and 
schools, some conclusions could be drawn from these studies and be implemented in 
buildings from higher education sector as well. 
The larger part of energy in school buildings is mainly consumed for heating purposes 
and thus improvement in thermal insulation could lead to a high decrease in energy 
consumption. According to Dimoudi and Kostarela (2009) thermal insulation at the 
support frame of school buildings results to 13.34% decrease in energy consumption 
and the increase in the thickness of the wall insulation reduces energy consumption by 
5,58%. Sealing of openings is also contributing at the energy reduction by 5,97%. 
Despite the fact that energy for cooling is a rather small part in school buildings, since 
schools are closed during most of the cooling period, the use of ceiling fans could 
reduce energy consumption for cooling by 63,81%, while night ventilation could reduce 
the cooling load by 99,18%. 
Similar conclusions have been drawn by various studies (Butala and Novac, 1999; 
Santamouris et al., 1994). This represents the importance of energy efficient measures 
in schools, not only for improving the energy efficiency of the buildings, for 
environmental purposes or for reducing the expenses paid by the national budget but 
also for educational reasons. An educational space that could influence the young 
people towards the aforementioned issues, in a way of strengthening their 
environmental and energy conscience, should play a major role in our society. 
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2.2. The Greek Legislation 
The European Directive on Energy Performance of Buildings (EPBD) (Directive 
2002/91/EC) requires that all EU member states bring into force national laws, 
regulations for the minimum requirements on the energy performance of new as well as 
existing buildings and also that an Energy Performance Certificate is made available for 
all buildings when constructed, sold or rented. 
More analytically, some of the requirements set by the EPBD regard: 
• The general framework for the methodology used for the energy performance of 
buildings. 
• The minimum energy performance requirements for new buildings and for 
major renovations on existing buildings, and the energy performance 
renovations are to be made only if they are technically, functionally and 
economically feasible. 
• The inspection of the building systems and installations (boilers and air-
conditioning units) should be regular. 
• The certification of the building as well as the inspection of boilers and air-
conditions should be carried out in an independent manner by qualified experts. 
In Greece, no specific regulation existed concerning the energy performance and 
certification of buildings until the Energy Performance of Buildings Directive was 
established. Some relevant regulations existed like the Regulation regarding the thermal 
insulation of buildings. In particular, the Hellenic Building Thermal Insulation 
Regulation (HBTIR) (Official Hellenic Journal- OHJ 362/79) set the minimum 
requirements for the thermal conductivity requirements of the building envelope for the 
different climatic zones in Greece. Consequently, only the buildings constructed after 
1980 are thermally insulated, which is a number that did not exceed 25% of the building 
stock according to the 2001 census and has increased to approximately 35-38% since 
2011 (Theodoridou et al., 2011a; 2011b). 
Moreover, the Regulation for the installation of boilers for the heating of buildings and 
for their annual maintenance existed (Official Hellenic Journal- OHJ 143/A/93 and OHJ 
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46/A/95) that mandates annual flue gas analysis and performance testing for boilers and 
the Regulation for the energy labeling of household electrical appliances (Official 
Hellenic Journal- OHJ 114/A/94). 
The transposition of the aforementioned European Directive was approved by the Greek 
parliament with the Law 3661/2008 “Measures for the Energy Consumption of 
Buildings”. With the “Regulation of Energy Performance of Buildings”, voted in 2010 
(Official Hellenic Journal- OHJ 407/10), and the Presidential Decree for the definition 
of the qualifications and training of energy auditors (Official Hellenic Journal- OHJ 
A177/10), the necessary legal framework for the implementation of the EPBD in Greece 
was completed. 
Further planning, promoting and implementing of scenarios and national policies, 
especially for renovating the existing building stock, would be enabled and supported 
by a classification of the building stock considering the history of Greek legislation on 
energy performance of buildings, the parameters such as the year of construction, the 
technical, historical, political and social proceedings (Theodoridou et al., 2011a). 
2.2.1. Requirements for New and Existing Buildings 
The Regulation of Energy Performance of Buildings determines the minimum 
requirements applied to new and existing building undergoing major renovations. These 
requirements are based on the type and use of the building (i.e. dwellings or tertiary 
sector buildings) and takes into account: 
• The design of the building, the orientation, the surrounding area, the passive 
solar systems used, the natural ventilation, the daylight etc. 
• The climatic zone at which the building is built at (each of the four climatic 
zones is determined according to the annual heating degree-days), in order to 
determine the maximum U-values for openings, walls, roofs etc. 
• The minimum levels of insulation of the heating and cooling distribution 
network. 
• The minimum requirements for lighting installations in the tertiary sector 
buildings. 
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• The hot water production, which has to be at least 60% from solar panels. 
• The heat recovery in the central air-conditioning units, which has to be at least 
50%. 
Also in the Regulation the energy classes and categorization of the buildings according 
to their primary energy consumption is determined. As far as it concerns new buildings, 
an energy study must be conducted in order for the building to be classified at least as B 
and after the completion of the construction; an energy audit is performed in order for 
the certificate to be issued. In case that the buildings is not classified at least as class B, 
the owner should make the necessary alterations and improvements within a year time. 
As regards the existing buildings that undergo major renovations, they have to be 
classified at least as class B. 
The validity of the certification issued for the buildings does not exceed 10 years. 
2.2.2. Inspection of Boilers and Air-Conditioning Units 
Energy auditing of boilers and air-conditioning units is not obligatory until July 2014, 
despite that, the procedures for auditing have been determined as well as the auditors 
that are able to conduct the energy audits.  
The energy auditor should carry out audits of boilers using conventional fossil fuels: 
• At least every five years for boilers with an effective nominal rated power 
between 20kW and 100kW. 
• At least every two years for boilers rated more than 100kW for every fuel source 
except natural gas, which has to carried out at least every four years. 
The energy auditors should prepare a report assessing the thermal efficiency of the 
boiler and produce guidelines and recommendations to regulate, maintain, repair or 
replace as necessary (Markogiannakis et al., 2010). 
For air-conditioning systems with nominal power of more than 12kW, the energy 
auditor should carry out audits at least every five years. The energy auditors should 
prepare a report assessing the efficiency and capacity of the installation of air-
conditioning system, in relation to the energy needs of the building and provide 
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guidelines and recommendations for improvements or replacement of the system if 
necessary (Markogiannakis et al., 2010). 
The certification and the calculation procedure for the audits have also been set and are 
more analytically described in the following section. 
2.3. Methodology for Calculating the Energy Performance of 
Buildings 
According to the Regulation of Energy Performance of Buildings (Official Hellenic 
Journal- OHJ 407/10) the calculation procedure will be done by using the reference 
building methodology. This means that a reference building is defined as having the 
same geometry, orientation, use and operational characteristics as the building under 
consideration. The reference building has a set of predefined thermal properties for the 
building envelope (U values for all the structural elements), the heating and cooling 
installations, hot water production and lighting, in the case of buildings from the tertiary 
sector (energy efficiency of the installations). 
The calculation procedure is based on the semi-steady monthly methodology described 
by EN ISO 13790 and on a set of national parameters that have been defined. The 
assumptions and basic parameters calculations are described in the Technical Guideline 
of the Technical Chamber of Greece (referred to as T.O.T.E.E.) and are based on the 
European standards described in the Guideline. 
For the calculations, a software will be used that will be assessed by the Special 
Inspector Office of Energy (E.Y.Ep.En), which falls under the Special Secretariat for 
Inspection of Environment and Energy Ministry of Environment, Energy and Climate 
Change (Y.P.E.K.A.). The calculation parameters will be determined by the elements of 
architectural and electromechanical design of the building and in accordance with the 
technical guideline, and in accordance with the Technical Guidelines of the Technical 
Chamber of Greece climate data (Technical Guidelines of the Technical Chamber of 
Greece, 2010). 
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The energy efficiency of buildings is determined by the total primary energy 
consumption and the calculation methodology should include at least the following 
elements: 
• The use of the building, the desired indoor environmental conditions 
(temperature and relative humidity, ventilation), the operating characteristics 
and the number of users. 
• Climatic data of the area where the building is (temperature, relative humidity, 
speed, wind and solar radiation). 
• The geometric characteristics of the components of the building envelope (shape 
and form of the building, transparent and non-transparent surfaces, overhangs, 
etc.) in relation to the orientation and characteristics of internal structural 
elements (partitions, etc.) and of the thermal characteristics of components and 
materials of the building envelope (thermal, thermal mass, solar radiation 
absorption, etc.). 
• The technical characteristics of the heating installation (type of the systems, 
distribution network, system performance, etc.). 
• The technical characteristics of air-conditioning (type of the systems, 
distribution network, system performance, etc.). 
• The technical characteristics of the mechanical ventilation installation (type of 
the systems, distribution network, system performance, etc.). 
• The technical characteristics of the hot water installation (type of the systems, 
distribution network, system performance, etc.). 
• The technical characteristics of the lighting installation only for the buildings of 
the tertiary sector. 
• Passive solar systems, if present in the building. 
Also in the calculation methodology is taken into account the positive effects of the 
following systems: 
• Active solar systems and other systems for heat, cooling and electricity using 
Renewable Energy Systems (RES) 
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• Energy produced by cogeneration technologies in electricity and heating / 
cooling. 
• Central heating systems and / or cooling area or building block. 
• The use of natural lighting. 
The same methodology for calculating the total primary energy consumption is used 
both in the reference building as well as in the building under consideration (Technical 
Guidelines of the Technical Chamber of Greece, 2010). 
After the calculation of the energy performance is completed as described above, a 
classification of the building is done based on its energy consumption. There are nine 
classes according to the Technical Guideline and are presented in Table 2.3: 
Table 2.3: Energy Classes 
Category Limits of the Category 
A+ T≤ 0,33 
A 0,33<T≤0,50 
B+ 0,50<T≤0,75 
B 0,75<T≤1,00 
Γ 1,00<T≤1,41 
Δ 1,41<T≤1,82 
Ε 1,82<T≤2,27 
Ζ 2,27<T≤2,73 
Η 2,73<T 
T is the quotient of the calculated primary energy consumption for the building under 
consideration divided by the calculated primary energy consumption for the reference 
building.  
Category B corresponds to the minimum accepted category for new buildings and 
buildings that undergo major renovations.  
An official national software (referred to as National Regulation on Energy Efficiency 
of Buildings) was developed with funding from the Technical Chamber of Greece, 
which meets the national requirements. This software will be used in the present thesis 
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for calculating the energy performance of the building studied and for evaluating the 
energy performance of the improvement suggestions. 
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3. Energy Audit of the IHU Building 
3.1. General Characteristics of the Building 
The building is in Thessaloniki, Thermi (climatic zone C) and it was built before 1980. 
The façade of the building is oriented towards east and it is exposed from all four sides. 
In addition, there are no adjacent buildings in a distance less than 100m. from the 
building, as can be seen in the following topographical sketch, except from the campus 
coffee shop. 
 
Figure 3.1: Topographical Sketch of the building 
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The building is used as facilities of higher education, more specifically for the 
International Hellenic University, and it consists of one floor, the ground floor and a 
basement. The basement is used as a stairwell, the ground floor has classrooms, 
administrative offices, computer labs and in the first floor, there are classrooms and 
administrative offices. The building consists of an auditorium as well, occupying space 
on both the ground floor and the first floor. 
The ground and first floor are conditioned and the basement is unconditioned. The 
general characteristics of the building are summarized in the following table (Table 
3.1), presenting as well the number of thermal zones and unconditioned spaces that the 
building is divided. 
Table 3.1: General Characteristics of the Building 
Usage Higher Education Building 
Total floor area 2.308,76 m2 Total volume 7.574,76 m3 
Heated floor area: 1.847,35 m2 Heated volume 6.190,53 m3 
Cooled floor area 1.847,35 m2 Cooled volume 6.190,53 m3 
Number of floors 1 Typical floor height 3,00 m 
Number of thermal zones 3 Basement height 3,00 m 
Number of unconditioned 
spaces 
1 
 
 
3.2. Thermal Zones 
The building as mention above was divided in three thermal zones and one 
unconditioned space in order for its energy performance to be measured. The division in 
thermal zones was done according to their use, which have different internal conditions. 
More analytically, the classrooms and computer labs are one thermal zone, the 
administrative offices are the second and the auditorium is the third. The corridors, the 
elevator shaft and the lavatories, since their volume occupies less than 10% of the total 
volume of the building, despite being unconditioned are treated as part of the building’s 
thermal zones. The basement since is used only as stairwell and is energy inert, with no 
requirements for heating, cooling and ventilation, is characterized and treated as 
unconditioned space. 
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The reference building is a building with the same operating conditions with the 
building under study. Therefore, the parameters of the operating conditions are defined 
by national standards and are applied to both buildings, unless if for the building under 
study a different parameter is determined during the audit. The same applies also for 
parts of a building, which constitute different thermal zones because of their different 
use. The national standards, for the uses of the thermal zones defined for the study of 
the higher education building, are presented in Table 3.2. 
Table 3.2: Desired operating conditions of the Higher Education buildings thermal zones 
 Classrooms Offices Auditorium 
Operating Hours 13 10 6 
Operating Days 5 5 5 
Operating Months 10 12 12 
Heating Period 15/10-30/4 15/10-30/4 15/10-30/4 
Cooling Period 1/6-31/8 1/6-31/8 1/6-31/8 
Average Internal Heating Temperature (oC) 20 20 20 
Average Internal Cooling Temperature (oC) 26 26 26 
Average Internal Relative Humidity 
(Winter) (%) 
35 35 35 
Average Internal Relative Humidity 
(Summer) (%) 
45 45 45 
Required Fresh Air (m3/h/m2) 11 3 33 
Lighting Level (lx) 500 500 500 
Lighting Power per Unit Area of Reference 
Building(W/m2) 
9,1 9,1 9,1 
Annual Consumption of Domestic Hot 
Water (m3/(m2. Year) 
0,76 0,13 1,43 
Average Annual Water Temperature of the 
Water Supply System (oC) 
16,4 16,4 16,4 
Heat Generated by Users per Unit of 
Surface of Thermal Zone (W/m2) 
40 8 83 
Average Rate of Current Use 0,32 0,30 0,18 
Heat Generated by Devices per Unit of 
Surface of Thermal Zone (W/m2) 
0,75 4,5 0,6 
Average Rate of Devices Operation 0,32 0,30 0,18 
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3.3. Technical Characteristics of the Building 
The floor plan of the building’s ground floor, first floor and basement are presented in 
Figure 3.2, Figure 3.3 and Figure 3.4, respectively. 
 
Figure 3.2: Ground Floor Plan 
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Figure 3.3: First Floor Plan 
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Figure 3.4: Basement Plan 
The floor surfaces of the building, separately for each thermal zone, are presented 
analytically in Table 3.3, as calculated from the plans. The surfaces of the conditioned 
and unconditioned spaces in each zone are calculated separately, but are included in the 
thermal zone since they constitute less than 10% of the total volume of the building, as 
mentioned in a previous chapter. In addition, the floor surface of the unconditioned 
space, the basement of the building, is presented. 
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Table 3.3: Floor areas of the different zones of the building 
 Thermal Zone 1 Thermal Zone 2 Thermal Zone 3 
Unconditioned 
Space 
 
Condition
ed 
Unconditi
oned 
Condition
ed 
Unconditi
oned 
Condition
ed 
Unconditi
oned4  
Basement       461,41 m2 
Ground 
Floor 
317,32 m2 182,74 m2 234,80 m2  283,33 m2   
First Floor 350,92 m2 182,74 m2 228,33 m2  67,17 m2   
Total 
Surface 
668,24 m2 365,48 m2 463,13 m2  350,50 m2  461,41 m2 
All four sides of the building are exposed and have openings, that are in contact with 
external air. The components that are in contact with the unconditioned space are not 
insulated. 
3.3.1. Characteristics of the Transparent Building Elements 
The building under study has in total hundred and forty openings. Most of them are of 
various dimensions, but share the same characteristics. The openings are of metal frame 
without thermal brake, the glass pane of the opening is double, colored and with a 6 
mm. air gap between the glasses. The frame of the openings varies and depending on 
the opening, it is approximately 20%, 30% or 40% of the opening’s surface.  
The openings of the building as mentioned above are of various types and their 
dimensions are presented in summary in the following tables (Table 3.4, Table 3.5 and 
Table 3.6), for each thermal zone separately and for the unconditioned space (Table 
3.7). Based on the characteristics of each opening their thermal transmittance factors are 
taken from the Technical Guidelines, since there is no certificate for the openings to 
state their thermal transmittance and are analytically shown in the tables. In addition, 
the air infiltration of the openings is also presented, which is calculated for each one 
according to the Technical Guidelines.  
                                                
4The unconditioned surfaces are part of the thermal zone since they are less than 10% of the total volume 
of the building. 
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Table 3.4: Characteristics of the transparent building elements of Thermal Zone 1 
Description of Opening 
Type of 
Opening5 
Surface 
(m2) 
Thermal 
Transmittance 
Factor (W/m2K) 
Air 
Infiltration 
(m3/h) 
East Side 1 Basement Type  B   1,62 4,5   11,00  
East Side 2 Basement Type  B   1,62 4,5   11,00  
East Side 3 Basement Type  B   1,62 4,5   11,00  
East Side 4 Basement Type  B   1,62 4,5   11,00  
East Side 5 Basement Type  C   1,40 4,8   9,50  
East Side 6 Basement Type  C   1,40 4,8   9,50  
East Side 7 Basement Type  B   1,62 4,5   11,00  
East Side 8 Basement Type  B   1,62 4,5   11,00  
East Side Door 1 
Basement 
Type  A   5,39 4,1   81,39  
East Side 9 Basement Type  A   5,39 4,1   81,39  
East Side 10 Basement Type  C   1,98 4,8   13,46  
East Side 11 Basement Type  C   1,26 4,8   8,57  
South Side Door 1 Type  B   2,70 4,5   14,28  
South Side 1 Stairs Type  A   3,11 4,1   21,11  
South Side 1 Basement Type  B   1,62 4,5   11,00  
South Side 2 Basement Type  B   1,62 4,5   11,00  
South Side 3 Basement Type  C   1,40 4,8   9,50  
South Side 4 Basement Type  C   1,40 4,8   9,50  
South Side 5 Basement Type  B   1,62 4,5   11,00  
South Side 6 Basement Type  B   1,62 4,5   11,00  
South Side Door 2 
Basement 
Metal  Door   2,14 6,0   11,33  
West Side 1 Basement Type  C   1,21 4,8   8,23  
North Side 1 Basement Type  B   3,12 4,5   21,22  
                                                
5 Type A: metal frame without thermal brake, glass pane of the opening is double, colored and with a 6 
mm. air gap between the glasses, the frame of the openings is approximately 20% of the opening’s 
surface 
  Type B: metal frame without thermal brake, glass pane of the opening is double, colored and with a 6 
mm. air gap between the glasses, the frame of the openings is approximately 30% of the opening’s 
surface 
  Type C: metal frame without thermal brake, glass pane of the opening is double, colored and with a 6 
mm. air gap between the glasses, the frame of the openings is approximately 40% of the opening’s 
surface 
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North Side 2 Basement Type  B   3,12 4,5   21,22  
North Side 3 Basement Type  B   3,12 4,5   21,22  
North Side 4 Basement Type  B   3,12 4,5   21,22  
North Side Door 1 
Basement 
Type  A   5,72 4,1   30,32  
North Side 5 Basement Type  C   0,99 4,8   6,73  
North Side 6 Basement Type  B   2,36 4,5   16,05  
North Side 7 Basement Type  B   2,36 4,5   16,05  
North Side 8 Basement Type  B   2,36 4,5   16,05  
North Side 9 Basement Type  B   2,36 4,5   16,05  
North Side 10 Basement Type  B   2,36 4,5   16,05  
West Side Door 1 
Basement 
Type  A   5,20 4,1   27,56  
West Side 2 Basement Type  B   2,36 4,5   16,05  
West Side 3 Basement Type  B   2,36 4,5   16,05  
West Side 4 Basement Type  B   2,36 4,5   16,05  
West Side 5 Basement Type  B   2,36 4,5   16,05  
South Side 1 Elevator Type  A   15,30 4,1   104,04  
West Side 1 Elevator Type  A   15,30 4,1   104,04  
South Side 7 Basement Type  B   2,36 4,5   16,05  
South Side 8 Basement Type  B   2,36 4,5   16,05  
South Side 9 Basement Type  B   2,36 4,5   16,05  
South Side 10 Basement Type  B   2,36 4,5   16,05  
West Side Door 2 
Basement 
Type  A   5,15 4,1   27,27  
East Side 1 First Floor Type  B   1,78 4,5   12,12  
East Side 2 First Floor Type  B   1,78 4,5   12,12  
East Side 3 First Floor Type  B   1,78 4,5   12,12  
East Side 4 First Floor Type  B   1,78 4,5   12,12  
East Side 5 First Floor Type  C   1,54 4,8   10,47  
East Side 6 First Floor Type  C   1,54 4,8   10,47  
East Side 7 First Floor Type  B   1,78 4,5   12,12  
East Side 8 First Floor Type  B   1,78 4,5   12,12  
South Side 1 First Floor Type  B   1,78 4,5   12,12  
South Side 2 First Floor Type  B   1,78 4,5   12,12  
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South Side 3 First Floor Type  B   1,78 4,5   12,12  
South Side 4 First Floor Type  B   1,78 4,5   12,12  
South Side 5 First Floor Type  B   1,78 4,5   12,12  
South Side 6 First Floor Type  B   1,78 4,5   12,12  
South Side 7 First Floor Type  B   1,78 4,5   12,12  
South Side 8 First Floor Type  B   1,78 4,5   12,12  
South Side 9 First Floor Type  C   1,54 4,8   10,47  
South Side 10 First Floor Type  C   1,54 4,8   10,47  
South Side 11 First Floor Type  B   1,78 4,5   12,12  
South Side 12 First Floor Type  B   1,78 4,5   12,12  
North Side 1 First Floor Type  B   2,85 4,5   19,38  
North Side 2 First Floor Type  B   3,30 4,5   22,44  
North Side 3 First Floor Type  B   3,30 4,5   22,44  
North Side 4 First Floor Type  B   2,85 4,5   19,38  
North Side 5 First Floor Type  B   2,85 4,5   19,38  
North Side 6 First Floor Type  B   3,30 4,5   22,44  
North Side 7 First Floor Type  B   3,30 4,5   22,44  
North Side 8 First Floor Type  B   2,85 4,5   19,38  
North Side 9 First Floor Type  B   2,48 4,5   16,86  
North Side 10 First Floor Type  B   2,48 4,5   16,86  
North Side 11 First Floor Type  B   2,48 4,5   16,86  
North Side 12 First Floor Type  B   2,48 4,5   16,86  
West Side 1 First Floor Type  B   2,48 4,5   16,86  
West Side 2 First Floor Type  B   2,48 4,5   16,86  
West Side 3 First Floor Type  B   2,48 4,5   16,86  
West Side 4 First Floor Type  B   2,48 4,5   16,86  
West Side 5 First Floor Type  B   2,48 4,5   16,86  
South Side 13 First Floor Type  C   1,43 4,8   9,69  
South Side 14 First Floor Type  B   1,81 4,5   12,27  
South Side 15 First Floor Type  C   1,43 4,8   9,69  
South Side 16 First Floor Type  B   1,81 4,5   12,27  
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Table 3.5: Characteristics of the transparent building elements of Thermal Zone 2 
Description of Opening 
Type of 
Opening 
Surface 
(m2) 
Thermal 
Transmittance 
Factor (W/m2K) 
Air 
Infiltration 
(m3/h) 
East  Side  1  Basement   Type  B   2,49   4,5   16,95  
East  Side  2  Basement   Type  C   1,21   4,8   8,25  
East  Side  Door  1  
Basement  
Type  A   3,68   4,1   19,48  
East  Side  3  Basement   Type  B   1,62   4,5   11,00  
East  Side  4  Basement   Type  B   1,62   4,5   11,00  
East  Side  Door  2  
Basement  
Type  B   2,70   4,5   14,28  
East  Side  5  Basement   Type  B   2,70   4,5   18,33  
East  Side  6  Basement   Type  B   2,70   4,5   18,33  
East  Side  Door  3  
Basement  
Type  B   2,70   4,5   14,28  
South  Side  1  Basement   Type  B   2,42   4,5   16,46  
South  Side  2  Basement   Type  B   2,42   4,5   16,46  
South  Side  Door  1  
Basement  
Type  B   2,70   4,5   14,28  
South  Side  3  Basement   Type  B   2,42   4,5   16,46  
South  Side  4  Basement   Type  B   2,42   4,5   16,46  
East  Side  1  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  2  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  3  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  4  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  5  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  6  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  7  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  8  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  9  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  10  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  11  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  12  First  Floor   Type  B   1,78   4,5   12,12  
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East  Side  13  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  14  First  Floor   Type  B   1,78   4,5   12,12  
East  Side  15  First  Floor   Type  B   1,78   4,5   12,12  
South  Side  1  Door  First  
Floor  
Type  B   2,21   4,5   11,69  
Table 3.6: Characteristics of the transparent building elements of Thermal Zone 3 
Description of Opening 
Type of 
Opening 
Surface 
(m2) 
Thermal 
Transmittance 
Factor (W/m2K) 
Air 
Infiltration 
(m3/h) 
North Side 1 Basement Type  B   2,31 4,5   15,71  
North Side 2 Basement Type  B   2,31 4,5   15,71  
North Side 3 Basement Type  B   2,31 4,5   15,71  
North Side 4 Basement Type  B   2,31 4,5   15,71  
North Side 5 Basement Type  B   2,31 4,5   15,71  
North Side 6 Basement Type  B   2,31 4,5   15,71  
North Side 7 Basement Type  B   2,31 4,5   15,71  
North Side 8 Basement Type  B   2,31 4,5   15,71  
North Side 9 Basement Type  B   2,31 4,5   15,71  
North Side 10 Basement Type  B   2,31 4,5   15,71  
North Side 11 Basement Type  B   2,31 4,5   15,71  
North Side 12 Basement Type  B   2,31 4,5   15,71  
South Side Door 1 
Basement 
Metal Door 3,92 6,0 20,78  
North Side 1 First Floor Type  B   2,07 4,5   14,08  
North Side 2 First Floor Type  B   2,07 4,5   14,08  
North Side 3 First Floor Type  C   1,04 4,8 7,04  
North Side 4 First Floor Type  C   1,04 4,8 7,04  
Table 3.7: Characteristics of the transparent building elements of the Unconditioned Space 
Description of Opening 
Type of 
Opening 
Surface 
(m2) 
Thermal 
Transmittance 
Factor (W/m2K) 
Air 
Infiltration 
(m3/h) 
East  Side  1   Type  C   0,95   4,8   6,46  
East  Side  2   Type  C   0,95   4,8   6,46  
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East  Side  3   Type  C   0,95   4,8   6,46  
East  Side  4   Type  C   0,95   4,8   6,46  
East  Side  5   Type  B   2,00   4,5   13,60  
East  Side  6   Type  B   2,00   4,5   13,60  
South  Side  1   Type  B   1,80   4,5   12,24  
Moreover, it has to be mentioned that a part of the roof in thermal zone 1 is made out of 
transparent material. Consequently, this part of the roof is treated as an opening with 
metal frame without thermal brake, the glass pane of the opening is single and the metal 
frame is less than 10% of the total opening surface. The characteristics, thermal 
transmittance factors and air infiltration are described in the table below (Table 3.8) 
Table 3.8: Characteristics of the transparent building elements of the Roof 
Description of Opening 
Surface 
(m2) 
Thermal 
Transmittance 
Factor (W/m2K) 
Air 
Infiltration 
(m3/h) 
Basement  Roof   14,30   6,0   124,41  
First  Floor  Roof   26,35   6.0   229,25  
The total air infiltration for the thermal zones as well as for the unconditioned space is 
shown in Table 3.9. According to the Technical Guidelines, the air infiltration for each 
thermal zone is the sum of the air infiltration of every opening of the zone. As far as the 
unconditioned space concerns, the air infiltration is calculated based on the volume of 
the unconditioned space and the type of the openings it has. The unconditioned space of 
the building under study has openings in contact with external air, with inefficient air 
tightness, and consequently the air infiltration is calculated according to that 
characteristic. 
Table 3.9: Air Infiltration for Each Thermal Zone and Unconditioned Space 
 
Air Infiltration 
(m3/h) 
Thermal Zone 1 1.579,88 
Thermal Zone 2 405,44 
Thermal Zone 3 251,50 
Unconditioned Space 1218,02 
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3.3.2. Shading Factors for Transparent Building Elements 
The shading factors from the horizon, overhangs and fins, for each opening of the 
building are calculated according to the Technical Guidelines. In the following tables, 
the shading factors are presented for the three thermal zones and for the unconditioned 
space separately (Table 3.10, Table 3.11, Table 3.12, Table 3.13). 
Table 3.10: Shading Factors for the Transparent Building Elements (Thermal Zone 1) 
 Description γ β Fhor_h Fhor_c Fov_h Fov_c Ffin_h Ffin_c 
T
he
rm
al
 Z
on
e 
1 
East Side 1 Basement 90 90 1 1 1 1 0,80 0,95 
East Side 2 Basement 90 90 1 1 1 1 0,75 0,93 
East Side 3-8 Basement 90 90 1 1 1 1 1 1 
East Side Door 1 Basement 90 90 1 1 0,66 0,58 1 1 
East Side 9 Basement 90 90 1 1 0,66 0,58 1 1 
East Side 10 Basement 90 90 1 1 1 1 1 1 
East Side 11 Basement 90 90 1 1 1 1 1 0,96 
South Side Door 1 180 90 1 1 1 1 0,89 0,91 
South Side 1 Stairs 180 90 1 1 1 1 0,85 0,89 
South Side 1-6 Basement 180 90 1 1 1 1 1 1 
South Side Door 2 Basement 180 90 1 1 1 1 0,76 0,86 
West Side 1 Basement 270 90 1 1 1 1 1 1 
North Side 1-3 Basement 0 90 1 0,86 1 1 1 0,92 
North Side 4 Basement 0 90 1 0,96 1 1 1 0,92 
North Side Door 1 Basement 0 90 1 0,96 1 1 1 0,85 
North Side 5 Basement 0 90 1 0,92 1 1 1 0,85 
North Side 6 Basement 0 90 1 0,90 1 1 1 0,86 
North Side 7-8 Basement 0 90 1 0,90 1 1 1 0,87 
North Side 9-10 Basement 0 90 1 0,90 1 1 1 0,89 
West Side Door 1 Basement 270 90 0,80 0,86 1 1 0,62 0,84 
West Side 2 Basement 270 90 0,96 0,97 1 1 0,62 0,84 
West Side 3 Basement 270 90 0,96 0,97 1 1 0,69 0,87 
West Side 4-5 Basement 270 90 0,96 0,97 1 1 0,69 0,86 
South Side 1 Elevator 180 90 1 1 1 1 0,76 0,86 
West Side 1 Elevator 270 90 0,86 0,90 1 1 0,62 0,88 
South Side 7-8 Basement 180 90 1 0,96 1 1 0,76 0,86 
South Side 9 Basement 180 90 1 0,96 1 1 0,81 0,88 
South Side 10 Basement 180 90 1 0,96 1 1 0,85 0,89 
West Side Door 2 Basement 270 90 1 1 0,66 0,58 0,62 0,83 
East Side 1 First Floor 90 90 1 1 1 1 0,80 0,95 
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East Side 2 First Floor 90 90 1 1 1 1 0,75 0,93 
East Side 3-8 First Floor 90 90 1 1 1 1 1 1 
South Side 1-12 First Floor 180 90 1 1 1 1 1 1 
North Side 1-6 First Floor 0 90 1 0,96 1 1 1 0,92 
North Side 7-8 First Floor 0 90 1 0,96 1 1 1 0,85 
North Side 9-10 First Floor 0 90 1 0,96 1 1 1 0,87 
North Side 11-12 First Floor 0 90 1 0,96 1 1 1 0,89 
West Side 1-2 First Floor 270 90 1 1 1 1 0,62 0,84 
West Side 3 First Floor 270 90 1 1 1 1 0,69 0,87 
West Side 4-5 First Floor 270 90 1 1 1 1 0,69 0,86 
South Side 13-14 First Floor 180 90 0,98 1 1 1 0,76 0,86 
South Side 15 First Floor 180 90 0,98 1 1 1 0,81 0,88 
South Side 16 First Floor 180 90 0,98 1 1 1 0,85 0,89 
Basement Roof 0 0 1 1 1 1 1 1 
First Floor Roof 0 0 1 1 1 1 1 1 
Table 3.11: Shading Factors for the Transparent Building Elements (Thermal Zone 2) 
 Description γ β Fhor_h Fhor_c Fov_h Fov_c Ffin_h Ffin_c 
T
he
rm
al
 Z
on
e 
2 
East Side 1 Basement 90 90 1 1 1 1 0,95 0,99 
East Side 2 Basement 90 90 1 1 1 1 0,93 0,99 
East Side Door 1 Basement 90 90 1 1 1 1 0,90 0,98 
East Side 3 Basement 90 90 1 1 0,57 0,48 1 0,97 
East Side 4 Basement 90 90 1 1 0,57 0,48 1 0,98 
East Side Door 2 Basement 90 90 1 1 0,66 0,58 1 0,99 
East Side 5-6 Basement 90 90 1 1 0,57 0,48 1 0,99 
East Side Door 3 Basement 90 90 1 1 0,66 0,58 1 0,99 
South Side 1 Basement 180 90 1 1 0,72 0,56 0,96 0,96 
South Side 2 Basement 180 90 1 1 0,72 0,56 0,95 0,95 
South Side Door 1 Basement 180 90 1 1 0,63 0,46 0,95 0,95 
South Side 3 Basement 180 90 1 1 0,72 0,56 0,93 0,94 
South Side 4 Basement 180 90 1 1 0,72 0,56 0,81 0,88 
East Side 1-2 First Floor 90 90 1 1 1 1 0,95 0,99 
East Side 3 First Floor 90 90 1 1 1 1 0,94 0,99 
East Side 4-5 First Floor 90 90 1 1 1 1 0,93 0,99 
East Side 6 First Floor 90 90 1 1 1 1 0,92 0,98 
East Side 7 First Floor 90 90 1 1 1 1 0,90 0,98 
East Side 8-15 First Floor 90 90 1 1 1 1 1 1 
South Side 1 Door First Floor 180 90 1 1 1 1 0,89 0,91 
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Table 3.12: Shading Factors for the Transparent Building Elements (Thermal Zone 3) 
 Description γ β Fhor_h Fhor_c Fov_h Fov_c Ffin_h Ffin_c 
T
he
rm
al
 Z
on
e 
3 
North Side 1 Basement 0 90 1 1 1 1 1 0,96 
North Side 2-6 Basement 0 90 1 1 1 1 1 0,95 
North Side 7-8 Basement 0 90 1 1 1 1 1 0,94 
North Side 9-10 Basement 0 90 1 1 1 1 1 0,93 
North Side 11-12 Basement 0 90 1 1 1 1 1 0,92 
South Side Door 1 Basement 180 90 0,44 0,98 1 1 0,89 0,91 
North Side 1-4 First Floor 0 90 1 1 1 1 1 0,92 
 
Table 3.13: Shading Factors for the Transparent Building Elements (Unconditioned Space) 
 Description γ β Fhor_h Fhor_c Fov_h Fov_c Ffin_h Ffin_c 
U
nc
on
di
tio
ne
d 
East  Side  1   90 90 0 0 1 1 0,95 0,96 
East  Side  2   90 90 0 0 1 1 1 0,99 
East  Side  3   90 90 0 0 1 1 0,90 0,98 
East  Side  4   90 90 0 0 1 1 0,75 0,93 
East  Side  5   90 90 0 0 1 1 0,95 0,98 
East  Side  6   90 90 0 0 1 1 0,95 0,98 
South  Side  1   180 90 0 0 1 1 0,85 0,87 
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3.3.3. Characteristics of the Opaque Building Elements 
For the building under study, no thermal insulation study exists and consequently the 
thermal transmittance factors are taken from the tables 3.4a and 3.4b of the Technical 
Guidelines. In the table bellow (Table 3.14), the detailed descriptions of all the opaque 
elements of the building are shown and the thermal transmittance of each one taken 
from the Technical Guideline is presented. 
Table 3.14: Characteristics of the opaque building elements 
Building Element Description Thermal Transmittance 
Load bearing elements 
of the building 
• Without thermal 
insulation 
• Coated on both sides 
In contact with air 
In contact with 
unconditioned space 
3,40 W/m2K 
 
2,60 W/m2K 
Load bearing elements 
of the building 
• Without thermal 
insulation 
• Coated on one side 
In contact with ground 4,30 W/m2K 
Brick Walls of the 
building 
• Without thermal 
insulation 
• Coated on both sides 
In contact with air 
In contact with 
unconditioned space 
2,20 W/m2K 
 
1,85 W/m2K 
Roof 
• Tile roof on an inclined 
concrete plaque 
• Without thermal 
insulation 
In contact with air 4,70 W/m2K 
Roof 
• Horizontal roof 
• Without thermal 
insulation 
In contact with air 3,70 W/m2K 
Floor • Without thermal 
insulation 
In contact with 
unconditioned space 
In contact with 
ground 
In contact with air 
 
2,00 W/m2K 
 
3,10 W/m2K 
2,75 W/m2K 
Taking into account the individual thermal transmittance factors, the equivalent surfaces 
of each side (as shown in Figure 3.5) of the building is calculated for the opaque 
building elements and the equivalent thermal transmittance factor. 
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Figure 3.5: Topographical Sketch for Calculating Equivalent Wall Surfaces 
3.3.3.1. North	  Side	  Opaque	  Building	  Elements	  
The North Side 1 surface has is part of all three thermal zones, so consequently in the 
following table the calculation for the equivalent surface is done for each thermal zone 
separately. 
Table 3.15: North Side 1 Equivalent Thermal Transmittance Factor 
 
Load bearing 
elements  
Brick Walls 
Equivalent Thermal 
Transmittance Factor 
Thermal Zone 1 2,40 m2 10,80 m2 2,42 W/m2K 
Thermal Zone 2 5,40 m2 58,80 m2 2,30 W/m2K 
Thermal Zone 3 19,20 m2 90,87 m2 2,41 W/m2K 
The North Side 2 surface is part only of thermal zone 1 
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Table 3.16: North Side 2 Equivalent Thermal Transmittance Factor 
 
Load bearing 
elements  
Brick Walls 
Equivalent Thermal 
Transmittance Factor 
Thermal Zone 1 12,00 m2 44,89 m2 2,45 W/m2K 
3.3.3.2. East	  Side	  Opaque	  Building	  Elements	  
The East Side 1 surface is part of thermal zones 1 and 2, while East Side 2 surface is 
part only of thermal zone 1. 
Table 3.17: East Side 1 Equivalent Thermal Transmittance Factor 
 
Load bearing 
elements  
Brick Walls 
Equivalent Thermal 
Transmittance Factor 
Thermal Zone 1 6,60 m2 40,11 m2 2,37 W/m2K 
Thermal Zone 2 9,90 m2 81,48 m2 2,33 W/m2K 
Table 3.18: East Side 2 Equivalent Thermal Transmittance Factor 
 
Load bearing 
elements  
Brick Walls 
Equivalent Thermal 
Transmittance Factor 
Thermal Zone 1  6,60 m2 2,20 W/m2K 
3.3.3.3. South	  Side	  Opaque	  Building	  Elements	  
The South Side 1 surface is part of thermal zone 1 and 3, while South Side 2 surface is 
part of thermal zone 1 and 2. 
Table 3.19: South Side 1 Equivalent Thermal Transmittance Factor 
 
Load bearing 
elements  
Brick Walls 
Equivalent Thermal 
Transmittance Factor 
Thermal Zone 1 7,20 m2 39,90 m2 2,38 W/m2K 
Thermal Zone 3 5,10 m2 50,68 m2 2,31 W/m2K 
Table 3.20: South Side 2 Equivalent Thermal Transmittance Factor 
 
Load bearing 
elements  
Brick Walls 
Equivalent Thermal 
Transmittance Factor 
Thermal Zone 1 17,10 m2 85,55 m2 2,40 W/m2K 
Thermal Zone 2 0,90  m2 48,72 m2 2,22 W/m2K 
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3.3.3.4. West	  Side	  Opaque	  Building	  Elements	  
The West Side 1 surface is part of all three thermal zones, while West Side 2 and 3 
surfaces are part of thermal zone 1. 
Table 3.21: West Side 1 Equivalent Thermal Transmittance Factor 
 
Load bearing 
elements  
Brick Walls 
Equivalent Thermal 
Transmittance Factor 
Thermal Zone 1 1,80 m2 6,25 m2 2,47 W/m2K 
Thermal Zone 2 1,80 m2 25,20 m2 2,28 W/m2K 
Thermal Zone 3 18,30 m2 50,10 m2 2,52 W/m2K 
Table 3.22: West Side 2 Equivalent Thermal Transmittance Factor 
 
Load bearing 
elements  
Brick Walls 
Equivalent Thermal 
Transmittance Factor 
Thermal Zone 1 12,00 m2 31,46 m2 2,53 W/m2K 
Table 3.23: West Side 3 Equivalent Thermal Transmittance Factor 
 
Load bearing 
elements  
Brick Walls 
Equivalent Thermal 
Transmittance Factor 
Thermal Zone 1 13,50 m2 68,99 m2 2,40 W/m2K 
3.3.3.5. Roof	  and	  Floor	  Opaque	  Building	  Elements	  
The roof of thermal zones 1 and two is made out of tiles and is and is constructed on an 
inclined concrete plaque, while thermal zone 3 has a horizontal non- insulated roof, in 
contact with external air. An area of the thermal zone 1 roof is constructed out of glass 
and is presented separately on the chapter of the transparent building elements. In the 
tables to follow, the characteristics of the roof in each area and the thermal 
transmittance factors for each zone are presented. 
 Roof 
Thermal Transmittance 
Factor 
Thermal Zone 1 522,15 m2 4,70 W/m2K 
Thermal Zone 2 228,33 m2 4,70 W/m2K 
Thermal Zone 3 67,17 m2 3,70 W/m2K 
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The floor of the thermal zones is in conduct with unconditioned space and in conduct 
with the ground. The characteristics of each surface per thermal zone are analytically 
presented in the following table. 
 
Description 
(in contact with) 
Floor 
Thermal Transmittance 
Factor 
Thermal Zone 1 
Ground 195,27 m2 3,10 W/m2K 
Unconditioned 
Space 
304,79 m2 2,00 W/m2K 
Air 21,60 m2 2,75 W/m2K 
Thermal Zone 2 
Ground 161,19 m2 3,10 W/m2K 
Unconditioned 
Space 
73,61 m2 2,00 W/m2K 
Air 32,01 m2 2,75 W/m2K 
Thermal Zone 3 
Ground 61,56 m2 3,10 W/m2K 
Unconditioned 
Space 
221,77 m2 2,00 W/m2K 
3.3.3.6. Unconditioned	  Space	  Opaque	  Building	  Elements	  
The unconditioned space is the basement, which is used as stairwell and storage room. 
The stairwell’s height is 3,00 m. of which 2,45 m. are below ground. Moreover the 
height of the storage room is 2,80 m. of which 2,10 m. are below ground. More 
analytical the surfaces of the walls that are below ground are made entirely by concrete, 
the load bearing elements of the building, and the surface of the walls that is above 
ground is also made by the same material. In the following table the surface of the walls 
that is bellow ground is presented. 
Table 3.24: Unconditioned Space Thermal Transmittance Factors(below ground level) 
 
Walls Below 
Ground 
Thermal Transmittance 
Factor 
Lower Depth 
Stairwell 217,32 m2 4,30 W/m2K 2,45 m 
Storage room 70,56 m2 4,30 W/m2K 2,10 m 
The floor of the unconditioned space is in contact with the ground and its characteristics 
and dimensions are presented in Table 3.25 
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Table 3.25: Unconditioned Space Floor Thermal Transmittance Factors 
 Floor 
Thermal 
Transmittance Factor 
Lower Depth Perimeter 
Stairwell 399,85 m2 3,10 W/m2K 2,45 m 92,50 m 
Storage room 61,56 m2 3,10 W/m2K 2,10 m 33,60 m 
The surfaces of the unconditioned space that are above ground level are analytically 
presented in the following table. 
Table 3.26: Unconditioned Space Thermal Transmittance Factor (above ground level) 
 
Walls Above 
Ground 
Thermal Transmittance 
Factor 
North Side 10,66 m2 3,40 W/m2K 
East Side 19,87 m2 3,40 W/m2K 
South Side 10,54 m2 3,40 W/m2K 
West Side 7,98 m2 3,40 W/m2K 
3.3.4. Data for the Opaque Building Elements 
The structure of the building is of concrete and bricks as described in the above section, 
so it is characterized as heavy construction and the thermal capacity according to the 
technical guidelines is 260 kJ/(m2K). The surface of the building is coated by medium 
shade plaster and the roof is of red tiles, which means that the absorption of the solar 
radiation by the vertical elements as well as by the roof is 0,60. The emission factor of 
the thermal radiation is 0,80 according to the technical guideline. In the following 
tables, all the data that are needed for the opaque building elements are summarized, 
separately for the conditioned and unconditioned spaces of the building (Table 3.27, 
Table 3.28). 
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Table 3.27:Opaque building elements data (Thermal Zones) 
Table 3.28: Opaque building elements data (Unconditioned Space, above ground) 
 Description A(m2) U(W/m2K) γ β α ε Fhor_h Fhor_c Fov_h Fov_c Ffin_h Ffin_c 
U
nc
on
di
tio
ne
d North Side 10,66 3,40 0 90 0,60 0,80 1 1 1 1 1 1 
East Side 19,87 3,40 90 90 0,60 0,80 1 1 1 1 1 1 
South Side 10,54 3,40 180 90 0,60 0,80 1 1 1 1 1 1 
West Side 7,98 3,40 270 90 0,60 0,80 1 1 1 1 1 1 
 Description A(m2) U(W/m2K) γ β α ε Fhor_h Fhor_c Fov_h Fov_c Ffin_h Ffin_c 
T
he
rm
al
 Z
on
e 
1 
North Side 1 13,20 2,42 0 90 0,60 0,80 1 1 1 1 1 1 
North Side 2 56,89 2,45 0 90 0,60 0,80 1 0,91 1 1 1 0,92 
East Side 1 46,71 2,37 90 90 0,60 0,80 1 1 1 1 1 1 
East Side 2 6,60 2,20 90 90 0,60 0,80 0,90 0,92 1 1 0,62 0,88 
South Side 1 47,10 2,38 180 90 0,60 0,80 0,94 1 1 1 0,85 0,89 
South Side 2 102,65 2,40 180 90 0,60 0,80 1 1 1 1 1 1 
West Side 1 8,05 2,47 270 90 0,60 0,80 1 1 1 1 1 1 
West Side 2 43,46 2,53 270 90 0,60 0,80 0,96 0,97 1 1 0,62 0,83 
West Side 3 82,49 2,40 270 90 0,60 0,80 1 1 1 1 1 1 
Roof 522,15 4,70 0 0 0,60 0,80 1 1 1 1 1 1 
Floor(ground) 195,27 3,10 0 180 0,60 0,80 0 0 0 0 0 0 
Floor(uncond) 304,79 2,00 0 180 0,60 0,80 0 0 0 0 0 0 
Floor(air) 21,60 2,75 0 180 0,60 0,80 0 0 0 0 0 0 
T
he
rm
al
 Z
on
e 
2 
North Side 1 64,20 2,30 0 90 0,60 0,80 1 1 1 1 1 1 
East Side 1 91,38 2,33 90 90 0,60 0,80 1 1 1 1 1 1 
South Side 2 49,62 2,22 180 90 0,60 0,80 1 1 1 1 1 1 
West Side 1 27,00 2,28 270 90 0,60 0,80 1 1 1 1 1 1 
Roof 228,33 4,70 0 0 0,60 0,80 1 1 1 1 1 1 
Floor(ground) 161,19 3,10 0 180 0,60 0,80 0 0 0 0 0 0 
Floor(uncond) 73,61 2,00 0 180 0,60 0,80 0 0 0 0 0 0 
Floor(air) 32,01 2,75 0 180 0,60 0,80 0 0 0 0 0 0 
T
he
rm
al
 Z
on
e 
3 
North Side 1 110,07 2,41 0 90 0,60 0,80 1 1 1 1 1 1 
South Side 1 55,78 2,31 180 90 0,60 0,80 0,94 1 1 1 0,85 0,89 
West Side 1 68,40 2,52 270 90 0,60 0,80 1 1 1 1 1 1 
Roof 67,17 4,70 0 0 0,60 0,80 1 1 1 1 1 1 
Floor(ground) 221,77 3,10 0 180 0,60 0,80 0 0 0 0 0 0 
Floor(uncond) 61,56 2,00 0 180 0,60 0,80 0 0 0 0 0 0 
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3.4. Mechanical and Electrical Systems 
Apart from the architectural design of the building and the characteristics of the 
elements used in the envelope, the electromechanical installations play an important 
part for the energy performance of that building. According to the technical guidelines, 
the heating, cooling and domestic hot water systems used in the building should be 
recorded and studied. More particular for the non-residential buildings their lighting 
system should also be measured and included in the energy audit. The minimum 
requirements for the electromechanical installations, in accordance with the use of each 
zone of the building, are presented in a previous chapter (Table 3.2). 
In the following chapter the characteristics of the above mentioned systems, for the 
building under study, are described in detail, in order for the evaluation of the energy 
performance to be conducted afterwards. 
3.4.1. Heating System 
3.4.1.1. Description	  of	  the	  Heating	  System	  
The building under study is equipped with a central heating installation for the heating 
of the thermal zones. The installation consists of a low temperature (50°) oil-fired boiler 
and a central distribution system with insufficient insulation. The terminal units are fan 
coils and the same heating system is used for the whole building, all three thermal 
zones. 
3.4.1.2. Heating	  Generation	  System	  
Each heating unit has a nominal thermal output in accordance with the manufacturer of 
the boiler, but in fact the real output of the boiler may vary, depending on assorted 
characteristics such as the climatic zone at which the installation is, the operating hours 
of the building, the operating conditions of the building, the maintenance of the 
installation. The real thermal output for the installation should be extracted from the 
maintenance sheet of the boiler. In order, for the proper thermal output to be taken into 
account for the valuation of the energy performance of the building, the case of the unit 
oversize is necessary to be checked. 
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According to the technical guidelines the oversize of the boiler is checked using the 
following equation (equation 4.1, T.O.T.E.E 20701-1) and comparing the result with the 
power output of the maintenance sheet. 𝑃!"# = 𝐴×𝑈!×𝛥𝛵×1,8    [3.1] 
where: 
𝑃!"#  [𝑊] is the maximum required thermal power of the heating unit of the building 𝐴  [m!] is the total external surface of the building including walls, roof, openings 
that are in contact with external air 𝑈!  [W/m!K] is the maximum thermal transmittance factor allowed for the surface A 𝛥𝛵 [K or C] is the temperature difference between the internal and the external air 1,8 is a factor that includes the ventilation loads, the accretion rates due to 
increment operation, distribution network losses etc. 
The total external surface of the building under study is 2.127,92 m2. The maximum 
thermal transmittance factor used is 2,5 W/m2K. The temperature difference for the 
sizing of the boiler is 23oC, according to the technical guidelines and the climatic zone 
where the building is. 
Consequently, the thermal power of the unit is calculated to be 220,24kW, and it is 
more than double than the actual installed power, which is to 400.000kcal/h or 
465,20kW according to the maintenance sheet. Since the boiler is estimated to be 
oversized, the overall efficiency factor of the heating unit has to be calculated, 
according to the technical guidelines (equation 4.2, Technical Guidelines of the 
Technical Chamber of Greece 20701-1). 𝑛!"# = 𝑛!"𝑛!!𝑛!!     [3.2] 
where: 
𝑛!"#   is the overall efficiency factor of the heating unit of the building 𝑛!" is the actual efficiency factor of the heating unit of the building according to the 
maintenance sheet 𝑛!!   is the oversizing factor of the heating unit of the building according to the technical 
guidelines 
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𝑛!! is the insulation factor of the heating unit of the building according to the technical 
guidelines 
The boiler’s actual efficiency factor according to the maintenance sheet is ngm=90%. 
The oversizing factor, given that the estimated thermal power of the unit is two times 
higher than the actual installed power is according to the technical guidelines ng1= 0,75 
Table 4.3, Technical Guidelines of the Technical Chamber of Greece 20701-1). Finally, 
the insulation factor is ng2= 0,952, since the boiler is not insulated (Table 4.4, Technical 
Guidelines of the Technical Chamber of Greece 20701-1). 
Table 3.29: Oversizing Factor for the Heating Unit 
Actual to Estimated Power of the Heating Unit (Pm/Pgen) ngn 
Boiler with power double than the maximum estimated 0,75 
Boiler with power 50% than the maximum estimated 0,85 
Boiler with power 25% than the maximum estimated 0,95 
Boiler with power half or smaller than the maximum estimated 1,00 
Source: Technical Guidelines of the Technical Chamber of Greece 20701-1, Table 4.3 
Table 3.30: Insulation Factor for the Heating Unit 
Nominal Power (kW) 200-100 100-200 200-300 300-400 ≥400 
Insulated Boiler 
With good condition of 
insulation 
1 
Non-insulated Boiler 
With inefficient insulation 
0,936 0,949 0,948 0,951 0,952 
Source: Technical Guidelines of the Technical Chamber of Greece 20701-1, Table 4.4 
Consequently the overall efficiency factor is estimated to be ngen=0,6426 and the final 
overall thermal power of the heating generation system is 465,20 kW×64,26%= 
298,94kW. 
3.4.1.3. Distribution	  System	  
The distribution system for the heating of the building passes through the thermal zones 
and the unconditioned space and is insufficiently insulated. The power that is 
transferred through the distribution system is calculated using the nominal power output 
of the boiler and the overall efficiency factor estimated above, because of the 
oversizing, and it is 298,94kW. 
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Table 3.31: Heat Losses Rate of the Distribution System for the Central Heating Installation as to the Overall 
Heat Energy Transferred by the Network 
Power of the 
System 
Transfer through indoor or/and 20% outdoor spaces 
Transfer through >20% 
outdoor spaces 
Insulation 
of the 
reference 
building 
Insulation 
equal to 
pipe radius 
Insufficient 
insulation 
Without 
insulation 
Insulation 
of the 
reference 
building 
Insulation 
equal to 
pipe radius 
[kW] [%] [%] [%] [%] [%] [%] 
Heating with high temperature thermal medium (50-35oC) 
20-100 - 3,0 8,0 9,0 4,5 3,7 
100-200 - 2,2 7,2 8,3 4,0 3,1 
200-300 - 1,8 6,0 6,2 3,3 2,5 
300-400 - 1,2 4,5 5,0 2,2 1,2 
>400 - 0,8 3,3 4,0 1,7 1,0 
Source: Technical Guidelines of the Technical Chamber of Greece 20701-1, Table 4.11 
According to the technical guidelines the losses of the distribution system with a power 
of 298,94 kW and insufficient insulation is equal to 4,5%. Consequently, the efficiency 
of the distribution system is calculated to be 285,49kW. 
3.4.1.4. Terminal	  Units	  
The terminal units of the heating system, as mentioned above are fan coils. These units 
are attached to external walls and according to the technical guidelines, their heat 
emission efficiency has to be determined based on the type of the units and the 
temperature of the thermal medium use. The fan coils attached to external walls, with a 
thermal medium temperature between 35°C and 50°C have a heat emission efficiency 
nem= 0,95. 
Table 3.32: Terminal Units Heat Efficiency 
Type of terminal unit 
Temperature of thermal medium [oC] 
90-70 70-50 50-35 
Direct performance in 
interior wall 
0,85 0,89 0,91 
Direct performance in 
external wall 
0,89 0,93 0,95 
Under floor heating system - - 0,90 
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Heating system through 
walls 
- - 0,87 
Roof heating system - - 0,85 
Source: Technical Guidelines of the Technical Chamber of Greece 20701-1, Table 4.12 
3.4.1.5. Auxiliary	  Equipment	  
The auxiliary equipment used for the heating installation of the building under study is 
circulation pump used for the circulation of the thermal medium and its power is 0,5kW 
each. In total four circulation pumps are used for the heating system. 
3.4.1.6. Data	  for	  the	  Heating	  System	  of	  the	  Building	  
The following table summarizes the necessary data for the heating system of the 
building under study, used for the evaluation of its energy performance. 
Table 3.33: Data for the Heating System 
Heating generation system 
Type of heating system: Boiler 
Power: 465,20kW 
Efficiency: 64,26% 
Fuel type: Oil 
Monthly percentage of load covered (%)6:  
Jan. 1 Feb. 1 Mar. 1 Apr. 1 May 0 Jun. 0 
Jul. 0 Aug. 0 Sep. 0 Oct. 1 Nov. 1 Dec. 1 
Distribution system 
Power transferred through distribution system: 283,99kW 
Routing through: Internal Spaces 
Supply temperature: 35-50oC 
Efficiency: 94,5% 
Terminal units 
Type of terminal units: Fan Coils 
Emissions efficiency: 95% 
Auxiliary equipment  
Type Number Power (kW) 
Circulation pump 4 0,5 
                                                
6 It is the same for all three thermal zones 
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3.4.2. Cooling System 
3.4.2.1. Description	  of	  the	  Cooling	  System	  
The building under study contains of a central cooling system and the distribution 
system is insufficiently insulated. The terminal units are fan coils and the cooling 
system is used for the whole building, all three thermal zones. 
3.4.2.2. Cooling	  Production	  System	  
The type of the cooling system used is a water-cooling chiller. The cooling system uses 
electricity as a fuel for operating and the installation is of approximately 250kW power.  
Each cooling unit has a nominal cooling efficiency factor (EER: Energy Efficiency 
Ratio) according to the specifications given by the manufacturer with the certification of 
the unit and may vary according to the climatic zone at which the installation is, the 
operating hours of the building, the operating conditions of the building or the 
maintenance of the installation. Because of the fact that there are no technical 
specifications for the units and no information regarding the EER from the 
manufacturer, the EER is estimated based on the technical guidelines. 
Table 3.34: Energy Efficiency Ratio for the Cooling System 
Type of Cooling Unit 
EER 
Systems of 10 years Systems of 20 years 
Local air cooled heat pump units 2,0 1,5 
Central cooling units 2,5 2,0 
Source: Technical Guidelines of the Technical Chamber of Greece 20701-1 
3.4.2.3. Distribution	  system	  
The distribution system for the heating of the building passes through the thermal zones 
and the unconditioned space and is insufficiently insulated. The power that is 
transferred through the distribution system is calculated using the nominal power output 
of the boiler and the overall efficiency factor estimated above, because of the 
oversizing, and it is 224,50kW 
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Table 3.35: Cooling Losses Rate of the Distribution System for the Central Cooling Installation as to the 
Overall Cooling Energy Transferred by the Network 
Power of the 
System 
Transfer through indoor or/and 20% outdoor spaces 
Transfer through >20% 
outdoor spaces 
Insulation 
of the 
reference 
building 
Insulation 
equal to 
pipe radius 
Insufficient 
insulation 
Without 
insulation 
Insulation 
of the 
reference 
building 
Insulation 
equal to 
pipe radius 
[kW] [%] [%] [%] [%] [%] [%] 
Cooling temperature of cooling medium (7-12oC) 
20-100 2,0 1,5 3,0 4,5 2,5 2,0 
100-200 1,8 1,4 2,8 3,6 2,3 1,9 
200-300 1,5 1,1 2,2 3,0 2,0 1,6 
300-400 1,2 0,7 1,8 2,4 1,5 1,2 
>400 0,7 0,4 1,1 2,0 1,0 0,8 
Source: Technical Guidelines of the Technical Chamber of Greece 20701-1 
3.4.2.4. Terminal	  Units	  
The efficiency of the terminal units for cooling according to the technical guidelines is 
estimated depending on the type of the terminal unit. In the building under study the 
efficiency of the terminal units is nem=0,93. 
Table 3.36: Efficiency of Cooling Terminal Units 
Type of Terminal Unit nem 
Direct systems (fan-coils) 0,93 
Embedded terminal units 0,90 
Local heat pumps 0,93 
3.4.2.5. Data	  for	  the	  Cooling	  System	  of	  the	  Building	  
The following table (Table 3.37) summarizes the necessary data, for the cooling system 
of the building under study, which is used for the evaluation of its energy performance, 
for every thermal zone separately. 
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Table 3.37: Data for the Cooling System 
Cooling generation system 
Type of cooling system: Water-Cooling Chiller 
Power: 250kW 
Energy Efficiency Ratio (EER): 2,5 
Fuel type: Electricity 
Monthly percentage of load covered (%)7:  
Jan. 0 Feb. 0 Mar. 0 Apr. 0 May 0 Jun. 1 
Jul. 1 Aug. 1 Sep. 0 Oct. 0 Nov. 0 Dec. 0 
Distribution system 
Power transferred through distribution system: 244,50kW 
Routing through: Internal Spaces 
Supply temperature: 7-12oC 
Efficiency: 97,8% 
Terminal units 
Type of terminal units: Fan-coils 
Emissions efficiency: 93% 
Auxiliary equipment  
Type Number Power (kW) 
Circulation pump 4 0,5 
3.4.3. Lighting System 
The energy consumption from the lighting system of the building is measured by 
counting the bulbs used as well as their power. The final energy consumed is calculated 
based on the operating hours of each zone, which are stated in Table 3.2. There are no 
automations for the natural lighting or motion detectors. Something, that increases the 
use of artificial lighting during hours that is not needed, which leads to higher energy 
consumption. In addition, no heat reduction system exists or backup systems but safety 
lights exist. 
In total, in the building under study, 372 fluorescent lamps of 36 Watts, 192 fluorescent 
lamps of 25 Watts, 35 halogen spotlight lamps of 35 Watts and 102 energy saving light 
bulbs of 14 Watts, were counted. An analytic presentation of the bulbs used in each 
                                                
7 It is the same for all three thermal zones 
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thermal zone of the building and the total power of the lighting is presented in the 
following tables (Table 3.38, Table 3.39, Table 3.40). 
Table 3.38: Lighting System of Thermal Zone 1 
Type of Bulb Power (W) Number of 
bulbs 
Total Power 
(kW) 
Fluorescent Lamp 36 222 7,99 
Energy Saving Lamp 14 84 1,18 
Table 3.39: Lighting System of Thermal Zone 2 
Type of Bulb Power (W) 
Number of 
bulbs 
Total Power 
(kW) 
Fluorescent Lamp 36 126 4,54 
Table 3.40: Lighting System of Thermal Zone 3 
Type of Bulb Power (W) Number of 
bulbs 
Total Power 
(kW) 
Fluorescent Lamp 36 24 0,86 
Fluorescent Lamp 25 192 4,80 
Halogen Spotlight Lamp 35 35 1,23 
Energy Saving Lamp 14 18 0,25 
The area in each thermal zone, which is illuminated by natural lighting, is calculated 
according to the paragraph 5.1.3.2. of the Technical Guidelines. The natural lighting in 
each area depends on the building orientation, the openings, and the operating hours of 
the building as well as the use. The building under study has several side openings and a 
sunroof in the corridor of the first floor. In Table 3.41, the percentage of the building’s 
area lightened by natural lighting in each thermal zone is presented. 
Table 3.41:Natural Lighting in each Thermal Zone 
Thermal Zone 1 100,00% 
Thermal Zone 2 81,89% 
Thermal Zone 3 59,12% 
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3.5. Evaluation of the Energy Performance of the Building 
Using the National Regulation on Energy Efficiency of Buildings software program and 
the data described in the sections 3.1 to 3.4, the evaluation of the energy performance of 
the building is being done and is presented in this chapter. More particular, the primary 
energy consumption, the fuel consumption as well as the CO2 emissions produced by 
the energy demand of the building under study are estimated and discussed. 
3.5.1. Ranking and Primary Energy Consumption 
The primary energy consumption for each section, such as heating, cooling, lighting, is 
estimated for the building under study. These results are compared to the primary 
energy consumption of the reference building and, as described in chapter 2.3, the 
ranking of the building under consideration is extracted. 
Primary energy is determined as an energy form that has not been subject to any 
conversion or transformation process. It is contained in raw fuels and in other forms of 
energy received as input to a system. The primary energy could be either renewable or 
not (Primary Energy, 2011). The primary energy consumption is calculated based on the 
delivered energy for the various purposes that are inserted and from the different fuels 
used, as chosen. 
The following table summarizes the results for the building under study and presents the 
corresponding data from the reference building. 
Table 3.42: Primary Energy Consumption of the Building under Study 
Primary Energy Consumption Reference Building [kWh/m2] 
Building under 
Study[kWh/m2] 
Heating 20,00 179,10 
Cooling 11,10 24,10 
Domestic Hot Water 0,00 0,00 
Lighting 69,50 79,50 
Renewable Energy Sources 0,00 0,00 
Total 100,70 282,70 
Ranking (Energy Class) - H 
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It can be observed from the aforementioned results that the total primary energy demand 
of the building under study is 180% higher than the reference building and the building 
under study is classified to the lower energy class rate H. 
From Table 3.42, but more apparent from Figure 3.6, it is observed that the main 
consumption of primary energy, of the reference building is for lighting and a only 31% 
of the primary energy is consumed for heating and cooling. On the other hand, the 
building under study consumes 64% of its primary energy for heating. 
It is even more important to observe that the consumption for heating is 795% higher 
for the building under study, compared to the reference building. Moreover, based on 
the primary energy consumption, it is observed that consumption for cooling is 
approximately two times higher than the one of the reference building. As well as for 
the lighting, that is approximately 14% higher than the reference building. 
  
 
Figure 3.6: Primary Energy Consumption 
By observing the total monthly energy demand, in Table 3.43, it is higher during the 
winter months, as expected. In addition, from Figure 3.7, it is clear that, as expected, the 
energy demand for heating is exists during October to March, with peak during January 
and December. 
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Table 3.43: Monthly Energy Demand of the Building under Study 
Energy 
Demand 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
[kWh/m2] 
Heating 18,4 12,6 7,7 2,4 0,0 0,0 0,0 0,0 0,0 0,7 7,1 15,4 64,3 
Cooling 0,0 0,0 0,0 0,0 0,0 14,6 0,0 0,0 0,0 0,0 0,0 0,0 14,6 
Domestic 
Hot Water 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
 
Figure 3.7: Monthly Energy Demand of the Building under Study 
Similar observations to the monthly energy demand could be drawn for the final energy 
consumption (Table 3.44 and Figure 3.8). From the monthly final energy consumption 
chart and table it can be noted that the consumption for lighting is steady throughout the 
year, while heating is peaking through January and December. 
Table 3.44: Monthly Final Energy Consumption of the Building under Study 
Energy Demand 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
[kWh/m2] 
Heating 43,6 29,9 18,2 6,2 0,0 0,0 0,0 0,0 0,0 1,7 16,8 36,8 153,2 
Solar Energy for 
Heating 
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Cooling 0,0 0,0 0,0 0,0 0,0 8,3 0,0 0,0 0,0 0,0 0,0 0,0 8,3 
Domestic Hot Water 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Lighting 2,7 2,7 2,7 2,7 2,7 2,7 0,0 0,0 2,7 2,7 2,7 2,7 27,4 
Energy from PVs 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
Total 46,3 32,6 20,9 8,9 2,7 11,0 0,0 0,0 2,7 4,4 19,5 39,5 188,9 
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Figure 3.8: Monthly Final Energy Consumption of the Building under Study 
3.5.2. Fuel Consumption and CO2 Emissions 
The fuel consumption for the energy demand of the building under study is a significant 
operational cost. If the fuel consumption, including electricity, could be decreased the 
annual expenses for energy could be significantly decreased as well. Moreover, the 
consumption of the fuel reflects the amount of pollution for which the building is 
responsible. The CO2 emissions caused from the energy used from the building is 
calculated based on the energy consumed and the coefficient for CO2 release per unit of 
energy. This coefficient is defined in the technical guideline for every source of energy 
that could be used. 
In the following table both the final fuel consumption and the CO2 emissions, are 
presented (Table 3.45). 
Table 3.45: Fuel Consumption and CO2 Emissions of the Building under Study 
Energy source 
Fuel Consumption 
[kWh/m2] 
CO2 Emissions 
[kg/m²] 
Electricity 49,30 48,80 
Oil 139,60 36,90 
Natural gas 0,00 0,00 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 188,90 85,60 
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The reduction of the fuel consumption will possibly lead to the reduction of the annual 
operational cost from energy which is currently calculated to be 40.838,30 € per annum, 
while the operational cost of the reference building is calculated to be 8.846,30 €. The 
annual operational cost of the building under study is 360% higher than it could have 
been if its energy performance was similar to the reference building. 
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4. Energy Saving Measures 
The energy performance valuation of the building made it obvious that energy saving 
measures should be investigated in order to improve the overall energy efficiency of the 
building under study. Despite the fact that most of the energy saving measure would 
lead to an improvement of the energy performance of the building, the feasibility of 
these measures should be studied in order for the best suited solutions to be preferred. In 
this chapter, various energy saving measures are proposed and studied, their savings, in 
economic terms, in terms of energy consumption, fuel consumption and CO2 emissions, 
are calculated. Finally, a feasibility study, for all the energy saving measures, is 
conducted for evaluating the effectiveness of each proposal. 
4.1. Improvements in Primary Energy Consumption and 
Savings 
4.1.1. Scenario I: Thermal Insulation 
A rather effective energy saving measure when attempting to reduce the negative effects 
of the external environmental conditions is the insulation of the buildings envelope. The 
insulation material for the improvement of the walls and roof is chosen in order for the 
envelope to meet the minimum requirements described by the technical guidelines. For 
that reason the insulation material chosen are boards of extruded polystyrene foam of 
80mm. thickness for the vertical elements of the building and 90mm. thickness for the 
roof of the building. Both types of insulation chosen for the building under study have 
the same thermal conductivity factor, which is λ=0,038, and is used in order to calculate 
the thermal transmittance for the new insulated elements. 
As mentioned above, the insulation added to the walls and roof would mean that the 
thermal transmittance factor for each element of the building envelope would change 
and in particular it will be decreased. The new thermal transmittance factors calculated 
for the insulated elements analytically presented in Table 4.1. 
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Table 4.1: Thermal Transmittance Factors for the Opaque Elements of the Building Envelope (Thermal 
Insulation) 
Building 
Element 
Description Thermal Transmittance Minimum 
Requirements 
Load bearing 
elements of the 
building 
• With thermal 
insulation 
• Coated on both 
sides 
In contact with air 
In contact with 
unconditioned space 
0,42W/m2K 
 
0,40 W/m2K 
0,45 W/m2K 
 
0,80 W/m2K 
Load bearing 
elements of the 
building 
• With thermal 
insulation 
• Coated on one side 
In contact with ground 0,43 W/m2K 0,80 W/m2K 
Brick Walls of 
the building 
• Without thermal 
insulation 
• Coated on both 
sides 
In contact with air 
In contact with 
unconditioned space 
0,39 W/m2K 
 
0,38 W/m2K 
0,45 W/m2K 
 
0,80 W/m2K 
Roof 
• Tile roof on an 
inclined concrete 
plaque 
• With thermal 
insulation 
In contact with air 0,39 W/m2K 0,40 W/m2K 
Roof 
• Horizontal roof 
• With thermal 
insulation 
In contact with air 0,38 W/m2K 0,40 W/m2K 
Based on the above thermal transmittance factors the data for the insulated opaque 
building elements are as described in Table 4.2 and Table 4.3. 
Table 4.2: Data for the Opaque Building Elements (Thermal Insulation) 
 Description A(m2) UNEW(W/m2K)  Description A(m2) UNEW(W/m2K) 
T
he
rm
al
 Z
on
e 
1 
North Side 1 13,20 0,40 
T
he
rm
al
 Z
on
e 
2 
North Side 1 64,20 0,39 
North Side 2 56,89 0,40 East Side 1 91,38 0,39 
East Side 1 46,71 0,39 South Side 2 49,62 0,39 
East Side 2 6,60 0,39 West Side 1 27,00 0,39 
South Side 1 47,10 0,39 Roof 228,33 0,39 
South Side 2 102,65 0,39 Floor(ground) 161,19 3,10 
West Side 1 8,05 0,40 Floor(uncond) 73,61 2,00 
West Side 2 43,46 0,40 Floor(air) 32,01 2,75 
West Side 3 82,49 0,39 
T
he
rm
al
 Z
on
e 
3 North Side 1 110,07 0,40 
Roof 522,15 0,39 South Side 1 55,78 0,39 
Floor(ground) 195,27 3,10 West Side 1 68,40 0,40 
Floor(uncond) 304,79 2,00 Roof 67,17 0,38 
Floor(air) 21,60 2,75 Floor(ground) 61,56 3,10 
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Table 4.3: Data for the Opaque Building Elements-Unconditioned Space (Thermal Insulation) 
 Description A(m2) UNEW(W/m2K) 
U
nc
on
di
tio
ne
d North Side 10,66 0,42 
East Side 19,87 0,42 
South Side 10,54 0,42 
West Side 7,98 0,42 
The improvement in terms of energy classification of the building is significant since 
the class has increased from H to Δ. This would mean that insulation of the external 
envelope of the building is a rather important factor for the energy performance of the 
building under study. 
Table 4.4: Primary Energy Consumption of the Building (Thermal Insulation) 
Primary Energy Consumption 
Building under Study 
[kWh/m2] 
ESM Building 
[kWh/m2] 
Heating 179,10 72,80 
Cooling 24,10 15,80 
Domestic Hot Water 0,00 0,00 
Lighting 79,50 79,50 
Renewable Energy Sources 0,00 0,00 
Total 282,70 168,10 
Ranking (Energy Class) H Δ 
More analytically, the primary energy consumption of the building is reduced by 40,5% 
in total compared with the building before the implementation of the energy saving 
measure, which is a saving of primary energy of 114,6kWh/m2. The most significant 
reduction is observed, as expected, in heating and in cooling, which were reduced by 
59% and 34% respectively. 
The savings in terms of fuel consumption and the comparison between the building 
under study and the building after the ESM are presented in the following table (Table 
4.5). 
It can be observed that there is a 16,8% reduction in electricity consumption, which 
reflects the reduced demands for cooling in the building, and a large decrease of 69,3% 
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in oil consumption which means less demands for heating. This reduction in fuel 
consumption is a result of better inner conditions due to thermal insulation of the 
building envelope. 
Table 4.5: Fuel Consumption of the Building (Thermal Insulation) 
Energy source 
Building under Study 
[kWh/m2] 
ESM 
Building 
[kWh/m2] 
Electricity 49,30 41,00 
Oil 139,60 42,90 
Natural gas 0,00 0,00 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 188,90 83,90 
The reduction of fuel consumption is also associated with the reduction of CO2 
emissions (Table 4.6) which overall are approximately 37% less than the building’s 
under study, which represents a decrease of 31,7kWh/m2. 
Table 4.6: CO2 Emissions of the Building (Thermal Insulation) 
Energy source 
Building under Study 
[kg/m²] 
ESM 
Building 
[kg/m²] 
Electricity 48,80 40,50 
Oil 36,90 13,00 
Natural gas 0,00 0,00 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 85,60 53,90 
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4.1.2. Scenario II: Replacement of Heating Systems 
The replacement of the heating system, which is of low efficiency, is proposed, with an 
energy efficient, low temperature natural-gas burner. The power of the boiler is 
proposed to be 350.000kcal/h (407,05kW) and the efficiency of the boiler is 95%. In 
addition, insulation of the distribution system is done according to the requirements of 
the technical guidelines, and the efficiency of the distribution system is improved from 
95% to 98,8%. The summarized data for the energy saving measure is presented in 
Table 4.7. 
Table 4.7: Data for the Heating System (Replacement of the Heating System) 
Heating generation  system 
Type of heating system: Boiler 
Power: 407,05kW 
Efficiency: 95% 
Fuel type: Natural Gas 
Monthly percentage of load covered (%)8:  
Jan. 1 Feb. 1 Mar. 1 Apr. 1 May 0 Jun. 0 
Jul. 0 Aug. 0 Sep. 0 Oct. 1 Nov. 1 Dec. 1 
Distribution system 
Power transferred through distribution system: 386,70kW 
Routing through: Internal Spaces 
Supply temperature: 35-50oC 
Efficiency: 98,8% 
Terminal units 
Type of terminal units: Fan Coils 
Emissions efficiency: 95% 
Auxiliary equipment  
Type Number Power (kW) 
Circulation pump 4 0,5 
The improvement in terms of energy classification of the building because of the 
replacement of the heating system and insulation of the distribution system is 
significant, since the class has increased to E from H.  
                                                
8 It is the same for all three thermal zones 
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More analytically, the primary energy consumption of the building is reduced by 22,5% 
in total compared with the building before the implementation of the energy saving 
measure. The reduction is observed, as expected, in heating and it is approximately 
63,5kWh/m2. 
Table 4.8: Primary Energy Consumption of the Building (Replacement of the Heating System) 
Primary Energy Consumption 
Building under Study 
[kWh/m2] 
ESM Building 
[kWh/m2] 
Heating 179,10 115,70  
Cooling 24,10 24,10  
Domestic Hot Water 0,00 0,00  
Lighting 79,50 79,50  
Renewable Energy Sources 0,00 0,00  
Total 282,70 219,20  
Ranking (Energy Class) H E  
The savings in terms of fuel consumption and the comparison between the building 
under study and the building after the ESM are presented in the following table (Table 
4.9). The total fuel consumption is reduced significantly, as it can be observed, it 
reaches a level of 27.2%. This reduction in fuel consumption is a result of better 
efficiency, both of the heating system and the distribution system. 
Table 4.9: Fuel Consumption of the Building (Replacement of the Heating System) 
Energy source 
Building under Study 
[kWh/m2] 
ESM 
Building 
[kWh/m2] 
Electricity 49,30 48,10 
Oil 139,60 0,00 
Natural gas 0,00 89,40 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 188,90 137,60 
The reduction of fuel consumption is also associated with the total reduction of CO2 
emissions (Table 4.10) which is 24%. It is a reduction of approximately 20,5 kg/m², and 
is a result not only of the better efficiency of the system but also on the alteration of the 
fuel used for heating since natural gas is a cleaner fossil fuel with 25,7% less emissions 
produced per kilowatt hour of energy. 
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Table 4.10: CO2 Emissions of the Building (Replacement of the Heating System) 
Energy source 
Building under Study 
[kg/m²]] 
ESM 
Building 
[kg/m²] 
Electricity 48,80 47,60 
Oil 36,90 0,00 
Natural gas 0,00 17,50 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 85,60 65,10 
4.1.3. Scenario III: Installation of Solar Collector 
The solar collectors are used to produce thermal energy from solar energy. The thermal 
energy produce could be used for space heating or for domestic hot water. There are 
several types of solar collectors that could be installed on a building depending on the 
use of the building and the available surface for installing the collectors. 
The type of solar collector chosen for installing at the building under study is the 
selective solar collector and it will be used as a supplementary heating system. The 
characteristics of the solar collector chosen to be installed, are analytically presented in 
the following table (Table 4.11) 
Table 4.11: Data for Solar Collector 
Solar Collector system 
Type of solar collector system: Selective 
Final use: Heating 
Factor of solar radiation utilization: 0,347 
Surface: 40m2 
Orientation: 180o 
Slope: 45o 
Shading Factor: 1 
The improvement in terms of energy classification of the building because of the 
installation of solar system has increased the energy class of the building under study by 
one rank, from H to Z. 
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Table 4.12: Primary Energy Consumption of the Building (Installation of Solar Collector) 
Primary Energy Consumption 
Building under Study 
[kWh/m2] 
ESM Building 
[kWh/m2] 
Heating 179,10 166,70 
Cooling 24,10 24,10 
Domestic Hot Water 0,00 0,00 
Lighting 79,50 79,50 
Renewable Energy Sources 0,00 0,00 
Total 282,70 270,30 
Ranking (Energy Class) H Z 
The primary energy consumption of the building is reduced by 4,4% in total compared 
with the building before the installation of a solar collector for heating and more 
specifically the primary energy for heating is reduced by 6,9%, which represent a 
12,4kWh/m2. 
The fuel consumption savings and the comparison between the building under study and 
the building after the ESM are presented in the following table (Table 4.13). The total 
fuel consumption is reduced, as it can be observed, it reaches a level of 5,6%. This 
reduction in fuel consumption is a result of the use of renewable energy instead of fossil 
fuel for covering a part of the building’s heating demand.  
Table 4.13: Fuel Consumption of the Building (Installation of Solar Collector) 
Energy source 
Building under Study 
[kWh/m2] 
ESM 
Building 
[kWh/m2] 
Electricity 49,30 49,20 
Oil 139,60 129,10 
Natural gas 0,00 0,00 
Other fossil fuels 0,00 0,00 
Solar 0,00 27,70 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 188,90 178,30 
The reduction of fuel consumption is also associated with the total reduction of CO2 
emissions (Table 4.14) which is approximately 4%, caused by the reduction of the use 
of oil for heating. The impact of the building from the environmental point of view has 
been reduced when installing a solar system for heating. 
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Table 4.14: CO2 Emissions of the Building (Installation of Solar Collector) 
Energy source 
Building under Study 
[kg/m²] 
ESM 
Building 
[kg/m²] 
Electricity 48,80 48,70 
Oil 36,90 34,10 
Natural gas 0,00 0,00 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 85,60 82,70 
4.1.4. Scenario IV: Installation of Photovoltaic System 
Photovoltaic systems are used for the production of electricity from solar energy. There 
are various types of photovoltaic cells that could be used in a building according to the 
use of the building and the available surface for the installation. In order to calculate the 
contribution of a photovoltaic system, the technical specifications of the manufacturer 
are needed, describing the efficiency of the cells, the parameters for the orientation and 
slope of the cells as well as the surface of the installed cells. 
The type of the photovoltaic system chosen is the polycrystalline, with an efficiency 
around 15%. In the following table, all the parameters needed for the installation of a 
photovoltaic system on the roof of the building under study are summarized and 
presented (Table 4.15). 
Table 4.15: Data for the Photovoltaic System 
Photovoltaic system 
Type of photovoltaic system: Polycrystalline 
Power: 15kW 
Efficiency: 15% 
Surface: 120m2 
Orientation: 180o 
Slope: 30o 
Shading Factor: 1 
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The improvement in terms of energy classification of the building because of the 
installment of photovoltaic system is rather significant, since the class has increased to 
rank Z from rank H. 
Table 4.16: Primary Energy Consumption of the Building (Installation of Photovoltaic System) 
Primary Energy Consumption 
Building under Study 
[kWh/m2] 
ESM Building 
[kWh/m2] 
Heating 179,10 179,10 
Cooling 24,10 24,10 
Domestic Hot Water 0,00 0,00 
Lighting 79,50 79,50 
Renewable Energy Sources 0,00 43,70 
Total 282,70 239,00 
Ranking (Energy Class) H Z 
More precisely, the primary energy consumption of the building has been reduced by 
15,5% in total compared with the building before the implementation of the energy 
saving measure. 
The savings in terms of fuel consumption and the comparison between the building 
under study and the building after the ESM are presented in the following table (Table 
4.17). 
Table 4.17: Fuel Consumption of the Building (Installation of Photovoltaic System) 
Energy source 
Building under Study 
[kWh/m2] 
ESM 
Building 
[kWh/m2] 
Electricity 49,30 38,10 
Oil 139,60 150,80 
Natural gas 0,00 0,00 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 188,90 188,90 
The reduction of fuel consumption is also associated with the total reduction of CO2 
emissions (Table 4.18) which is reduced by 9,5%. The impact of the building from the 
environmental point of view has been reduced when installing a photovoltaic system. 
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Table 4.18: CO2 Emissions of the Building (Installation of Photovoltaic System) 
Energy source 
Building under Study 
[kg/m²] 
ESM 
Building 
[kg/m²] 
Electricity 48,80 37,70 
Oil 36,90 39,80 
Natural gas 0,00 0,00 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 85,60 77,50 
4.1.5. Scenario V: Replacement of the Lighting Bulbs 
The lighting of the building under study according to the results from the evaluation 
may be close to the measurements of the reference building but it is the easiest way of 
upgrading the efficiency of a building when using energy saving bulbs. In this scenario 
the replacements of fluorescent lamps and spotlights with more efficient ones is studied. 
More analytically, the bulbs used for each thermal zone are presented in the following 
tables. 
Table 4.19: Lighting System of Thermal Zone 1 (Replacing of Lighting Bulbs) 
Type of Bulb Power (W) Number of 
bulbs 
Total Power 
(kW) 
Energy Saving Fluorescent 
Lamp 
20 222 4,40 
Energy Saving Lamp 14 84 1,18 
Table 4.20: Lighting System of Thermal Zone 2 (Replacing of Lighting Bulbs) 
Type of Bulb Power (W) Number of 
bulbs 
Total Power 
(kW) 
Energy Saving Fluorescent 
Lamp 
20 126 2,52 
Table 4.21: Lighting System of Thermal Zone 3 (Replacing of Lighting Bulbs) 
Type of Bulb Power (W) Number of 
bulbs 
Total Power 
(kW) 
Energy Saving Fluorescent 
Lamp 
20 24 0,48 
Energy Saving Fluorescent 12 192 2,30 
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Lamp 
Energy Saving Spotlight 
Lamp 
9 35 0,32 
Energy Saving Lamp 14 18 0,25 
The replacement of the building’s lighting bulbs has improved it in terms of energy 
classification, since has changed energy class from H to Z 
Table 4.22: Primary Energy Consumption of the Building (Replacing of Lighting Bulbs) 
Primary Energy Consumption 
Building under Study 
[kWh/m2] 
ESM Building 
[kWh/m2] 
Heating 179,10 191,10 
Cooling 24,10 23,00 
Domestic Hot Water 0,00 0,00 
Lighting 79,50 49,10 
Renewable Energy Sources 0,00 0,00 
Total 282,70 260,30 
Ranking (Energy Class) H Z 
More precisely, the primary energy consumption of the building is reduced by 7,9% in 
total compared with the building before the implementation of the energy saving 
measure. 
The savings in terms of fuel consumption and the comparison between the building 
under study and the building after the ESM are presented in the following table (Table 
4.23). The total fuel consumption is slightly reduced, as it can be observed. This 
reduction is due to the decrease in the electricity use since the replacement of the bulbs 
with energy saving ones reduced the demand for electricity. 
Table 4.23: Fuel Consumption of the Building (Replacing of Lighting Bulbs) 
Energy source 
Building under Study 
[kWh/m2] 
ESM 
Building 
[kWh/m2] 
Electricity 49,30 37,70 
Oil 139,60 150,10 
Natural gas 0,00 0,00 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 188,90 187,80 
Chapter 4: Energy Saving Measures 
Page 68 
 
The reduction of CO2 emissions (Table 4.24) is rather important since it reaches the 
levels of 10%. 
Table 4.24: CO2 Emissions of the Building (Replacing of Lighting Bulbs) 
Energy source 
Building under Study 
[kg/m²] 
ESM 
Building 
[kg/m²] 
Electricity 48,80 37,30 
Oil 36,90 39,60 
Natural gas 0,00 0,00 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 85,60 76,90 
4.1.6. Scenario VI: Combination of the Feasible ESMs 
In the last scenario, a combination of the previously analyzed proposals of energy 
saving measures is studied in order to ascertain whether such a radical alteration of the 
building have analogous affect on the energy performance of the building. 
The energy classification of the building because of all the interventions has become 
class B. This improvement is large and it reaches the levels that the technical guidelines 
set for the new and radically renovated buildings. 
Table 4.25: Primary Energy Consumption of the Building (Combination of the Feasible ESMs) 
Primary Energy Consumption 
Building under Study 
[kWh/m2] 
ESM Building 
[kWh/m2] 
Heating 179,10 40,20 
Cooling 24,10 15,60 
Domestic Hot Water 0,00 0,00 
Lighting 79,50 79,50 
Renewable Energy Sources 0,00 43,70 
Total 282,70 91,60 
Ranking (Energy Class) H B 
The primary energy consumption of the building is reduced radically by 68% in total 
compared with the building before the implementation of the energy saving measures. 
Each category has a decrease from 10% to 60%, with a significant increase in renewable 
energy sources at the level of 80% in total. 
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The total fuel consumption is reduced significantly, as it can be observed, it reaches a 
level of 67%. The comparison between the building under study and the building after 
the ESM are presented in the following table (Table 4.26).  
Table 4.26: Fuel Consumption of the Building (Combination of the Feasible ESMs) 
Energy source 
Building under Study 
[kWh/m2] 
ESM 
Building 
[kWh/m2] 
Electricity 49,30 33,60 
Oil 139,60 0,10 
Natural gas 0,00 28,50 
Other fossil fuels 0,00 0,00 
Solar 0,00 27,70 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 188,90 62,30 
It is rather important to mention the reduction of the total CO2 emissions (Table 4.27) 
which is reduced radically at a level of 54,7%.  
Table 4.27: CO2 Emissions of the Building (Combination of the Feasible ESMs) 
Energy source 
Building under Study 
[kg/m²] 
ESM 
Building 
[kg/m²] 
Electricity 48,80 33,20 
Oil 36,90 0,40 
Natural gas 0,00 5,60 
Other fossil fuels 0,00 0,00 
Solar 0,00 0,00 
Biomass 0,00 0,00 
Geothermal 0,00 0,00 
Othen RES 0,00 0,00 
Total 85,60 38,80 
The implementation of energy saving measures on a building of a rather low initial 
energy class could lead to an improvement in terms of energy, fuel consumption and 
pollutant emissions by a high level. These implementations, even important in terms of 
energy efficiency, they may be proved inefficient in terms of economical benefit. 
Whether an investment is profitable should be studied and evaluated as well. 
Chapter 4: Energy Saving Measures 
Page 70 
 
4.2. Economic Feasibility Study 
The economic feasibility study for the energy saving measures is conducted with 
methods that require the estimation of annual cash flows generated by the specific 
project. An investment is considered to be feasible if the cash flows generated lead to 
recovering the capital invested, or saving expenses. For a typical investment, an initial 
investment would be done and inflows from sales revenue would occur, which would 
provide a return on the capital, but for the energy saving measures, there are not any 
real inflows. The energy saving measures cash inflows are the value of the savings 
produced by the investment. The profits from such investments are of equal value as the 
profits from investments that extent a company’s output (Papadopoulos, 2010). 
The appraisal methods for the economic evaluation used, for the energy saving 
measures proposed, are the depreciated payback period (DPP) method, the net present 
value (NPV) method, the Internal Rate of Return (IRR) method and the Savings to 
Investment Ratio (SIR). 
• Depreciated Payback Period Method: 
The DPP is an index of how quickly the cash flows, savings, generated by the 
project, cover the initial investment, taking into account the impact of time, 
capital cost and inflation (Damodaran, 2010; Papadopoulos, 2010). This method 
determines the number of years that are required in order for the investor to 
recover its initial capital (Nikolaidis et al., 2009) and is calculated by 
𝐷𝑃𝑃 = !!"   !!!×!!!!"   !!!     [4.1] 
where 𝐶!   is the initial investment cost at time 0 𝑑 is the discount rate 
𝐹 is the future cash flows which is assumed to remain constant for every 
year 
• Net Present Value Method: 
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The NPV is the sum of present values of each of the cash flows that occur over 
the lifetime of a project (Damodaran, 2010). The expected cash flows of each 
year are brought to a present value by use of present value factors at the 
appropriate rate. 𝑁𝑃𝑉 =   −𝐶! + !!!!! !!!!!     [4.2] 𝐶!   is the initial investment cost at time 0 𝑑 is the discount rate 
𝐹! is the future cash flows for every year t 
Positive NPV leads to the conclusion that the investment is viable and would be 
profitable, while when comparing two or more investments, the one with the 
higher NPV. 
• Internal Rate of Return Method (IRR): 
The IRR is the method that determines the discount rate d* that renders the NPV 
of a project equal to the initial investment for all the years of evaluation. This 
criterion is used for the investor not only to determine is the proposed project is 
viable but also to determine what is the expected rate of return from that project. 
More specific, IRR is the rate at which the NPV of the project becomes zero 
(Damodaran, 2010; Nikolaidis, 2009; Papadopoulos, 2010). 𝑁𝑃𝑉!!!"" = 0    [4.3] 
• Savings to Investment Ratio Method (SIR): 
The SIR of an investment is calculated by dividing the NPV of the future 
savings for the years of the evaluation, by the NPV of the future outflows 
(investments) for the same period. 
𝑆𝐼𝑅 = 𝑁𝑃𝑉(𝑆𝑎𝑣𝑖𝑛𝑔𝑠)𝑁𝑃𝑉(𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠) 
When the SIR of an investment is equal to one, the investment is indifferent, 
meaning that there will be neither profits nor losses, but when the SIR is greater 
than one the proposed investment is considered to be attractive. The decision 
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when comparing more than one projects is taken by observing which projects 
has the greater savings to investment ratio. 
The discount rate chosen to be used for calculating the aforementioned indexes and for 
all the proposed energy saving measures is 5,50% according to Damodaran A. (2010) 
and the inflation rate is taken to be 4,00% according to Eurostat (2011)  statistics in 
September 2011. The period over which the evaluation will be implemented is 20 years. 
Moreover the annual operational cost for the building under study is calculates to be 
approximately 40.838,30€. Consequently, the savings for each ESM scenario is 
estimated based on its annual operational cost and the operational cost of the building 
under study before mentioned. 
4.2.1. Scenario I: Thermal Insulation 
The initial investment for the thermal insulation of the buildings external walls is 
calculated based on the area that will be covered with the insulation boards. An average 
cost of 50€/m2 for the wall insulation and 40€/m2 for the roof insulation, is used for the 
calculation, so total initial cost is 78.838,50€, since 922,65 m2 of walls and 817,65 m2 of 
roof are insulated. The investment capital is assumed to be paid as a total, in year 0, and 
the savings from the ESM are calculated from year 1. The annual operational cost for 
the insulated building is estimated to be 19.992,60€, a decrease of 51% from the 
building’s under study cost. 
The annual savings when there is an investment for thermal insulation of the building 
are calculated to be approximately 20.845,70€. Based on these data the cash depreciated 
cash flows are estimated and are analytically presented in Appendix I. 
In the table below the indexes described for the economic evaluation of the ESM are 
presented: 
Table 4.28: Economic Indexes (Thermal Insulation) 
Depreciated Payback Period (years) 3,46 
Net Present Value 266.443,13 € 
Internal Rate of Return 31,24% 
Savings to Investment Ratio 4,82 
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The investment has a very appealing payback period, especially when considering that 
the initial cost is relatively high, a positive and high NPV as well as IRR and the SIR is 
positive. All four indexes studied represent the effectiveness of the proposal. The 
insulation of external walls not only would increase the efficiency of the building but it 
would also be a feasible and profitable investment. 
Since the major expense on energy saving measures is the initial investment, a 
sensitivity analysis is presented in the following figures in order to investigate the extent 
at which the feasibility of such project could be influenced by the initial cost and the 
inflation rate. 
  
Figure 4.1: Sensitivity Analysis-Initial Cost (Thermal Insulation) 
It is observed that a 20% decrease of the initial cost would lead to the decrease of the 
payback period of about 18,7% and to the increase of net present value by 5,6%. This 
means that the initial investment cost is positive connected to the payback period and 
negative connected to the net present value. A variation of 20% of the initial cost would 
not affect the feasibility of such an investment, thus it would increase or decrease the 
payback period and the net present value. As expected, the lower the initial cost the 
higher the profits of this investment. 
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Figure 4.2 Sensitivity Analysis-Inflation Rate (Thermal Insulation) 
The inflation rate which is a factor of real economy might have a large affect on the 
decision for an investment. When studying the fluctuation of that factor, it is observed 
that an increase of the inflation rate would positively affect the net present value and 
would negatively affect the payback period. This observation is explained by the nature 
of the investment which is basically the reduction of operational cost. When inflation is 
increased the operational costs are increased as well, but when an energy saving 
measure is implemented the operational cost are decreased and the profit is higher when 
a possibility of high inflation rate exists. 
4.2.2. Scenario II: Replacement of Heating Systems 
The initial investment for replacing the oil-burning boiler with a natural-gas-burning 
one of higher efficiency, is approximately 5.000€. The insulation of the distribution 
system according to the technical guidelines requirements is calculated to be 1.000€. 
Therefore, the total initial investment is 6.000€ and is assumed to be paid in year 0. The 
annual operational cost for the building after the ESM is estimated to be 26.482,00€, a 
35% reduction from the building’s under study cost. 
The annual savings when there is an investment for thermal insulation of the building 
are calculated to be approximately 14.356,30€. Based on these data the cash depreciated 
cash flows are estimated and are analytically presented in Appendix II. 
In the table below the indexes described for the economic evaluation of the ESM are 
presented: 
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Table 4.29: Economic Indexes (Replacement of Heating System) 
Depreciated Payback Period (years) 0,40 
Net Present Value 229.275,47 € 
Internal Rate of Return 252,84% 
Savings to Investment Ratio 43,59 
The investment has a very appealing payback period, of less than a year, a positive and 
rather high NPV as well as IRR and SIR. The indexes studied represent the 
effectiveness of the proposal. Consequently, the replacement of the heating system of 
the building with a more efficient natural gas burning boiler would be a feasible and 
profitable investment except from increasing the efficiency of the building. 
A sensitivity analysis for the depreciated payback period and the net present value 
index, where the initial investment cost and the inflation rate are altered, is presented in 
Figure 4.3 and Figure 4.4. 
  
Figure 4.3: Sensitivity Analysis-Initial Cost (Replacement of Heating System) 
Same as in the proposal for thermal insulation of the building, the initial investment cost 
is positive connected to the payback period and negative connected to the net present 
value. It is observed that a 20% increase of the initial cost would lead to a 20% increase 
of the payback period and to a 0,5%decrease of net present value. A variation of 20% of 
the initial cost would not affect the feasibility of such an investment. As expected, the 
lower the initial cost the higher the profits of this investment. 
-­‐25%  
-­‐20%  
-­‐15%  
-­‐10%  
-­‐5%  
0%  
5%  
10%  
15%  
20%  
25%  
0,30   0,35   0,40   0,45   0,50  
DPP  
-­‐25%  
-­‐20%  
-­‐15%  
-­‐10%  
-­‐5%  
0%  
5%  
10%  
15%  
20%  
25%  
228  €   229  €   230  €   231  €  
Thousands  
NPV  
Chapter 4: Energy Saving Measures 
Page 76 
 
  
Figure 4.4 Sensitivity Analysis-Inflation Rate (Replacement of Heating System) 
The fluctuation of the inflation rate slightly affects the payback period of such an 
investment because the initial investment cost is rather low when compared to the 
savings resulted from it. Consequently, the payback period with a 20% fluctuation of 
the inflation rate would still be less than a year. The net present value on the other hand 
is more affected from the inflation rate, since a 20% increase of the inflation rate would 
lead to a 17,4% increase of the net present value. In both cases though the investment is 
feasible. 
4.2.3. Scenario III: Installation of Solar Collector 
The installation of the described solar collector, including the material needed and the 
installation as well, has an initial cost of approximately 14.000,00€ (average cost of 
350€/m2 and it will be installed 40m2), which is assumed to be paid in year 0. Also, 
there will be calculated an additional annual maintenance cost, of 250€. The annual 
operational cost for the building after the ESM is estimated to be 38.605,00€, a 5,5% 
reduction from the building’s under study operational cost. 
The annual savings when there is an investment for thermal insulation of the building 
are calculated to be approximately 2.223,30€. Based on these data the cash depreciated 
cash flows are estimated and are analytically presented in Appendix III. 
In the table below the indexes described for the economic evaluation of the ESM are 
presented: 
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Table 4.30: Economic Indexes (Installation of Solar Collector) 
Depreciated Payback Period (years) 6,13 
Net Present Value 19.189,58 € 
Internal Rate of Return 17,44% 
Savings to Investment Ratio 2,91 
The investment has an appealing payback period, of approximately six years, a positive 
NPV, IRR and SIR. The indexes studied represent the effectiveness of the proposal. 
Consequently, the replacement of the installation of solar collector for covering part of 
the building’s heating demand except from increasing the efficiency of the building 
would also be a feasible and profitable investment. 
A sensitivity analysis indicatively for the depreciated payback period and the net 
present value index, where the initial investment cost and the inflation rate are altered, 
is presented in Figure 4.5 and Figure 4.6. 
  
Figure 4.5: Sensitivity Analysis-Initial Cost (Installation of Solar Collector) 
The way the fluctuation of the initial cost and inflation rate is similar to the other energy 
saving investments. In this case a 20% increase of the initial cost causes a 18,1% 
increase of the depreciated payback period and a 13,8% decrease of the net present 
value. 
The inflation  rate increase of 20% would lead to a decrease of 4,7% of the payback 
period and 28,7% increase of the net present value. 
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Figure 4.6 Sensitivity Analysis-Inflation Rate (Installation of Solar Collector) 
4.2.4. Scenario IV: Installation of Photovoltaic System 
The photovoltaic system installation requires an initial investment of around 2.500€ per 
kW of power. The proposed investment is for a photovoltaic system of 15kW which 
means that it will have an initial capital of 37.500€. For the photovoltaic system there 
will be included in the cash flows an annual maintenance cost of 250€. The annual 
operational cost for the building after the ESM is estimated to be 37.692,00€, a 35% 
reduction from the building’s under study cost. 
The annual savings from the installation of photovoltaic system on the roof of the 
building under study, are calculated to be approximately 3.146,3€. Based on these data 
the cash depreciated cash flows are estimated and are analytically presented in 
Appendix IV. 
In the table below the indexes described for the economic evaluation of the ESM are 
presented: 
Table 4.31: Economic Indexes (Installation of Photovoltaic System) 
Depreciated Payback Period (years) 10,31 
Net Present Value 11.857,33 € 
Internal Rate of Return 8,74% 
Savings to Investment Ratio 1,53 
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The investment has a payback period of 10, 31 years, a positive NPV, an IRR of 8,74% 
which is adequate enough for the investment to be feasible. Consequently, the 
installation of a photovoltaic system on the building would be a feasible and profitable 
investment. 
A sensitivity analysis indicatively for the depreciated payback period and the net 
present value index, where the initial investment cost and the inflation rate are altered, 
is presented in Figure 4.7 and Figure 4.8. 
  
Figure 4.7: Sensitivity Analysis-Initial Cost (Installation of Photovoltaic System) 
  
Figure 4.8 Sensitivity Analysis-Inflation Rate (Installation of Photovoltaic System) 
Similar conclusions are drawn for the forth scenario studied, the installation of 
photovoltaic system, as for the other investment proposals. The net present value of the 
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by 60% with a 20% increase of the cost, and the inflation rate, it is decrease by 56% 
with a 20% decrease of the rate. This is possibly observed because of the relatively high 
initial investment cost and the comparatively lower savings from the ESM. 
Nevertheless, the proposed investment is feasible when the two factors fluctuate by 
20%. 
4.2.5. Scenario V: Replacement of the Lighting Bulbs 
The replacement of the lighting bulbs have improved the efficiency of the building 
under study, but the feasibility of such an investment has to be studied. The total initial 
investment for replacing the bulbs that were not energy efficient, is calculated to be 
approximately 8.184,00€. The energy efficient fluorescent lamp of 20W cost 
approximately 14,00€ each, the energy efficient fluorescent lamp of 12W cost 
approximately 13,00€ each and the energy saving spotlights cost 12€ each. The annual 
operational cost for the building after the ESM is estimated to be 40.382,80€, only a 
1,1% reduction from the building’s under study cost. 
The annual savings replacing the non-energy efficient bulbs of the building are 
calculated to be approximately 455,50€. Based on these data the cash depreciated cash 
flows are estimated and are analytically presented in Appendix V. 
In the table below the indexes described for the economic evaluation of the ESM are 
presented: 
Table 4.32: Economic Indexes (Replacement of the Lighting Bulbs) 
Depreciated Payback Period (years) 13,41 
Net Present Value -302,40 € 
Internal Rate of Return 5,09% 
Savings to Investment Ratio 1,01 
The investment has a rather high depreciated payback period and an negative net 
present value. The SIR is close to one, which constitutes such an investment indifferent 
and a relatively low internal rate of return, lower than the discount rate chosen. All these 
factor lead to the conclusion that the investment is not feasible. 
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Despite that, a sensitivity analysis for the depreciated payback period and the net 
present value index, where the initial investment cost and the inflation rate are altered, 
is done in order to investigate whether such an investment would be profitable and 
under which circumstances. The sensitivity analysis is presented in Figure 4.9 and 
Figure 4.10. 
  
Figure 4.9: Sensitivity Analysis-Initial Cost (Replacement of the Lighting Bulbs) 
  
Figure 4.10 Sensitivity Analysis-Inflation Rate (Replacement of the Lighting Bulbs) 
From the analysis, the conclusion that a decrease of the initial cost of only 5%, which 
could be doable with a market research for the possible cost of the bulbs, or an increase 
of 10% of the inflation rate, which is not easily predictable, would constitute such an 
investment feasible. Despite that, with the cost chosen for the particular study, the 
replacement of the non-energy efficient bulbs is not economically feasible. 
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4.2.6. Scenario VI: Combination of the Feasible ESMs 
For the implementation of all the proposals for energy saving measures a rather large 
capital would be needed and it should be investigated whether such an investment is 
viable and if it could be implemented. The initial investment based on the costs 
described in the previous sections, is summed up to 154.838,50€ and the annual costs 
are calculated to be 500€. The annual operational cost for the building after the ESM is 
estimated to be 10.183,20€, a 75% reduction from the building’s under study cost. 
The annual savings, when all the above analyzed, feasible, energy saving measures are 
implemented, are calculated to be  30.655,10€. Based on these data the cash depreciated 
cash flows are estimated and are analytically presented in Table 4.33. 
In the table below the indexes described for the economic evaluation of the ESM are 
presented: 
Table 4.33: Economic Indexes (Combination of the Feasible ESMs) 
Depreciated Payback Period (years) 4,31 
Net Present Value 356.545,90 € 
Internal Rate of Return 25,17% 
Savings to Investment Ratio 3,86 
The investment has a very appealing payback period, of approximately four and a half 
years, a positive and rather high NPV as well as IRR and SIR. The indexes studied 
represent the effectiveness of the proposal. Consequently, the implementation of all the 
energy saving measure not only would improve the energy performance of the building 
but would also lead to high profits in terms of annual savings. Despite the fact that the 
initial investment is high, the payback period is rather low, a fact that represents the 
severity of the improvements and the savings from such an investment. In less than a 
forth of the average lifetime of the investments the initial capital would be covered by 
the savings generated by the improvements. 
A sensitivity analysis for the depreciated payback period and the net present value 
index, where the initial investment cost and the inflation rate are altered, is presented in 
Figure 4.11 and Figure 4.12. 
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Figure 4.11: Sensitivity Analysis-Initial Cost (Combination of the Feasible ESMs) 
  
Figure 4.12 Sensitivity Analysis-Inflation Rate (Combination of the Feasible ESMs) 
The sensitivity analysis of the two indexes shows that the fluctuation of the initial cost 
and the inflation rate would affect the payback period and the net present value of the 
project, but not enough in order to constitute it non-feasible. Even a fluctuation of 20% 
on the initial investment could only affect the net present value by 7,6%. 
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5. Conclusions and Further Research 
The energy performance of a building is affected both from the features and elements of 
the building’s envelope and from its electromechanical systems. The insulation of the 
building’s envelope, the efficiency of the electromechanical systems as well as the use 
of renewable energy for heating and/or for electricity production can upgrade the 
performance of a building.  
In the present study, the energy performance of the building on IHU campus is 
evaluated. It was found to be of rather low energy class, namely H, based on the 
national technical guidelines classification. The lack of insulation on the vertical and 
horizontal elements of the building, the low efficiency of the openings, the low 
efficiency of both heating and cooling systems are some of the reasons of such low 
energy performance. The energy consumption, for covering the demand of the facility, 
is 180% higher than the reference building used as a baseline for the evaluation. The 
high energy consumption also leads to increased annual operational costs of 
approximately 360% higher than the cost of the reference building. 
In order to study how the energy efficiency of the building would improve, various 
energy saving measures are analyzed. All the suggested energy saving measures 
positively affected the energy performance and the effects of the building’s operation to 
the environment. All these measures may be efficient in terms of energy efficiency but 
their feasibility depends as well on the economic aspect, based on the amount of money 
that should be invested and the savings deriving from this investment. 
The primary energy reduction from each energy saving measure varies; the combination 
of more than one measures has the major impact on the primary energy as expected. 
From the individual measures the higher reduction is recorded from the thermal 
insulation of the external elements of the envelope, which reflects the importance of the 
use of appropriate materials when constructing or renovating a building for assuring a 
high energy efficiency and correct inner conditions. The efficiency of mechanical 
systems used is equally important, having the second major effect on the reduction of 
primary energy. Analytically, the classification of the proposed measures based on the 
reduction of primary energy they caused is presented in the following figure. 
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Figure 5.1: Classification of ESMs based on Reduction of Primary Energy Consumption 
The effect of the energy saving measures on the CO2 emissions produced from the 
building is analogous to the reduction of the primary energy consumed. This conclusion 
is reasonable, since the pollutants derive from the fuel used for the energy production. 
The higher reduction of CO2 emissions is observed from the thermal insulation of the 
building  and the replacement of the heating system. The CO2 reduction from the 
individual measures fluctuates between 3% and 39%. The implementation of the 
combination of the measures does not lead to a cumulative reduction of CO2 emissions 
as expected since the individual measures may interfere one another. 
 
Figure 5.2: Classification of ESMs based on Reduction of CO2Emissions 
The effectiveness of the proposed measures in energy saving and environmental terms 
do not reflect their economic feasibility as well. The most feasible measure amongst the 
studied ones is the replacement of the heating system having a rather  large difference 
from the others. This large difference may reflect the severity of the effect a low 
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efficiency mechanical system may have on the operational cost of a building. All other 
measures would lead to a reduction of operating costs that is higher than the initial 
investment need to be done. 
It should be mentioned that the photovoltaics as well as the solar collector installations 
have mainly financial rather than energy contribution on the aforementioned scenarios 
for the improvement of the energy performance of the building. 
 
Figure 5.3: Classification of ESMs based on Savings to Investment Ratio 
Further researched based on the present thesis could focus both on the technical and the 
economic aspects of energy saving measures. More specifically some topics for further 
research are presented below: 
The correlation of energy saving measures: It is observed that the combination of 
measures does not have a cumulative effect on the factors studied, such as primary 
energy consumption or CO2 emissions. Consequently, the correlation of the energy 
saving measures when implemented together and the possible effects that one to another 
has could be an interesting field for investigation. 
The effects of efficiency of mechanical systems on the operational costs: It is observed 
that the heating system replacement has a major effect on the operational cost of the 
building especially when compared to the initial cost for each replacement with a more 
efficient one. The efficiency of heating system and possibly of other mechanical 
systems of the building affect the annual operational cost. The severity of these effect 
could measured and quantified in order for better choices to be made when energy 
saving measures are to be implemented. 
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Energy efficiency on Higher Education buildings’ stock: The present thesis focuses on 
the evaluation of energy efficiency of the campus of International Hellenic University. 
Further research  could be conducted in order to evaluate the energy efficiency of the 
higher education buildings in a larger area, such as Thessaloniki or northern Greece, 
especially since very few researches have been conducted in that sector and exist so far. 
References 
Page 89 
 
References 
1. Ashton T.S. (1997), The Industrial Revolution, 1760-1830, Oxford University Press, 
Oxford. 
2. Balaras C.A., Gaglia A.G., Georogopoulou E., Mirasgedis S., Sarafidis Y., Lalas 
D.P. (2007), “European residential buildings and empirical assessment of the 
Hellenic building stock, energy consumption, emissions and potential energy 
savings”, Building and Environment, Vol. 42, No. 3, pp. 1298-1314. 
3. Butala V., Novak P. (1999), “Energy consumption and potential energy savings in 
old school buildings”, Energy and Buildings, Vol. 29, No. 3, pp. 241-246. 
4. Damodaran A. (2010), Applied Corporate Finance 3rd Edition, John Wiley & Sons 
Inc., United States of America. 
5. Di Stefano J. (2000), “Energy efficiency and the environment: the potential for 
energy efficient lighting to save energy and reduce carbon dioxide emissions at 
Melbourne University, Australia”, Energy, Vol. 25, No. 9, pp. 823-839. 
6. Dimoudi A., Kostarela P. (2009), “Energy monitoring and conservation potential in 
school buildings in the C climatic zone of Greece”, Renewable Energy, Vol. 34, No. 
1, pp. 289-296. 
7. EU, On the Energy Performance of Buildings (2002), Directive 2002/91/EC of the 
European Parliament and of the Council, Official Journal of the European 
Communities, Brussels. 
8. Eurostat, [http://epp.eurostat.ec.europa.eu], (September 2011). 
9. Fuller R.H., Sullivan D. (1978), “Energy efficiency at the Ohio State University”, 
Energy and Buildings, Vol. 1, No. 4, pp. 401-413. 
10. Georgopoulou E., Sarafidis Y., Mirasgedis S., Balaras C.A., Gaglia A., Lalas D.P. 
(2006), “Evaluating the need for economic support policies in promoting 
greenhouse gas emission reduction measures in the building sector: The case of 
Greece”, Energy Policy, Vol. 34, No.15 ,pp. 2012-2031. 
11. Golove W.H., Eto J.H. (1996), Market Barriers to Energy Efficiency A Critical 
Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, 
Energy & Environment Division, Lawrence Berkeley National Laboratory, 
University of California, California. 
References 
Page 90 
 
12. Highfield Campus of University of Southampton”, Renewable and Sustainable 
Energy Reviews, Vol. 15, No. 6, pp. 2940-2959. 
13. Hobsbawm E. (2004), The Age f Revolution: Europe 1789-1848, Weidenfeld & 
Nicolson Ltd. 
14. International Energy Agency (IEA) (2010), CO2 Emissions from Fuel Combustion 
2010 Highlights, [http://www.iea.org/], (July 2011). 
15. Jacob M., (2006), “Marginal costs and co-benefits of energy efficiency”, Energy 
Policy, Vol. 34, No. 2, pp. 172-187. 
16. Kalkan N., Bercin K., Cangul O., Morales M.G., Mohammed M., Saleem K.M., 
Marji I., Metaxa A., Tsigkogianni E. (2011), “A renewable energy solution for  
17. Markogiannakis G., Giannakidis G., Lampropoulou L (2010), “Implementation of 
the EPBD in Greece”, [www.buildup.eu], (July 2011). 
18. Mirasgedis S., Georgopoulou E., Sarafidis Y., Balaras C., Gaglia A., Lalas D.P. 
(2004), “CO2 Emission reduction policies in the Greek residential sector: a 
methodological framework for their economic evaluation”, Energy Conversion and 
Management, Vol. 45, No. 4, pp. 537-557. 
19. Nikolaidis Y., Pilavachi P.A., Chletsis A. (2009), “Economic evaluation of energy 
saving measures in a common type of Greek building”, Applied Energy, Vol. 86, 
No. 12, pp. 2550-2559. 
20. Papadopoulos A.M. (2010), “Feasibility if investments in Renewable Energy 
Sources systems”, International Hellenic University, Thessaloniki, Greece, Notes 
for the Master in Energy Systems. 
21. Papadopoulos A.M., Oxizidis S., Papandritsas G. (2008), “Energy, economic and 
environmental performance of heating systems in Greek buildings”, Energy and 
Buildings, Vol. 40, No. 3, pp. 224-230. 
22. Papadopoulos A.M., Theodosiou T.G., Karatzas K.D. (2002), “Feasibility of energy 
saving renovation measures in urban buildings: The impact of energy prices and the 
acceptable payback time criterion”, Energy and Buildings, Vol. 34, No. 5, pp. 455-
466. 
23. Primary Energy, [http://en.wikipedia.org/wiki/Primary_energy], (September 2011) 
24. Rolfsman B. (2002), “CO2 emission consequences of energy measures in 
buildings”, Building and Environment, Vol. 37, No. 12, pp. 1421-1430. 
References 
Page 91 
 
25. Santamouris M., Balaras C.A., Dascalaki E., Argiriou A., Gaglia A. (1994), “Energy 
consumption and potential energy savings in school buildings in Hellas”, Energy, 
Vol. 19, No. 6, pp. 653-660. 
26. Schleich J. (2009), “Barriers to energy efficiency: A comparison across the German 
commercial and services sector”, Ecological Economics, Vol. 68, No. 7, pp. 2150-
2159. 
27. Technical Guideline of the Technical Chamber of Greece (2010), Technical 
Chamber of Greece, Athens. 
28. Theodoridou I., Papadopoulos A.M., Hegger M. (2011a), “A typological 
classification of the Greek building stock”, Energy and Buildings, Vol. 43, No. 10, 
pp. 2779-2787. 
29. Theodoridou I., Papadopoulos A.M., Hegger M. (2011b), “Statistical analysis of the 
Greek residential building stock”, Energy and Buildings, Vol. 43, No. 9, pp. 2422-
2428. 
30. Verbeeck G., Hens H. (2005), “Energy savings in retrofitted dwelling economically 
viable”, Energy and Buildings, Vol. 37, No. 7, pp. 747-754. 
 

Appendices 
Page 93 
 
Appendix I 
 Cash Flows (Thermal Insulation) 
Year 
Initial 
Investment 
Savings 
ESM Operating 
Costs 
Operating 
Income 
Cumulative Cash 
Flows 
0 78.838,50 0,00 - -78.838,50 -78.838,50 
1 - 21.679,53 - 21.679,53 -57.158,97 
2 - 22.546,71 - 22.546,71 -34.612,26 
3 - 23.448,58 - 23.448,58 -11.163,69 
4 - 24.386,52 - 24.386,52 13.222,84 
5 - 25.361,98 - 25.361,98 38.584,82 
6 - 26.376,46 - 26.376,46 64.961,28 
7 - 27.431,52 - 27.431,52 92.392,80 
8 - 28.528,78 - 28.528,78 120.921,58 
9 - 29.669,93 - 29.669,93 150.591,51 
10 - 30.856,73 - 30.856,73 181.448,24 
11 - 32.091,00 - 32.091,00 213.539,23 
12 - 33.374,64 - 33.374,64 246.913,87 
13 - 34.709,62 - 34.709,62 281.623,49 
14 - 36.098,01 - 36.098,01 317.721,50 
15 - 37.541,93 - 37.541,93 355.263,43 
16 - 39.043,61 - 39.043,61 394.307,03 
17 - 40.605,35 - 40.605,35 434.912,38 
18 - 42.229,56 - 42.229,56 477.141,95 
19 - 43.918,75 - 43.918,75 521.060,69 
20 - 45.675,50 - 45.675,50 566.736,19 
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Appendix II 
Cash Flows (Replacement of Heating System) 
Year  
Initial  
Investment  
Savings  
ESM  Operating  
Costs  
Operating  
Income  
Cumulative  Cash  
Flows  
0   6.000,00 0,00 - -6.000,00 -6.000,00 
1   - 14.930,55 - 14.930,55 8.930,55 
2   - 15.527,77 - 15.527,77 24.458,33 
3   - 16.148,89 - 16.148,89 40.607,21 
4   - 16.794,84 - 16.794,84 57.402,05 
5   - 17.466,63 - 17.466,63 74.868,69 
6   - 18.165,30 - 18.165,30 93.033,99 
7   - 18.891,91 - 18.891,91 111.925,90 
8   - 19.647,59 - 19.647,59 131.573,48 
9   - 20.433,49 - 20.433,49 152.006,98 
10   - 21.250,83 - 21.250,83 173.257,81 
11   - 22.100,86 - 22.100,86 195.358,67 
12   - 22.984,90 - 22.984,90 218.343,57 
13   - 23.904,29 - 23.904,29 242.247,86 
14   - 24.860,47 - 24.860,47 267.108,33 
15   - 25.854,89 - 25.854,89 292.963,22 
16   - 26.889,08 - 26.889,08 319.852,30 
17   - 27.964,64 - 27.964,64 347.816,94 
18   - 29.083,23 - 29.083,23 376.900,17 
19   - 30.246,56 - 30.246,56 407.146,73 
20   - 31.456,42 - 31.456,42 438.603,15 
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Appendix III 
Cash Flows (Installation of Solar Collector) 
Year  
Initial  
Investment  
Savings  
ESM  Operating  
Costs  
Operating  
Income  
Cumulative  Cash  
Flows  
0   14.000,00 0,00 - -14.000,00 -14.000,00 
1   - 2.322,63 260,00 2.062,63 -11.937,37 
2   - 2.415,54 270,40 2.145,14 -9.792,23 
3   - 2.512,16 281,22 2.230,94 -7.561,29 
4   - 2.612,65 292,46 2.320,18 -5.241,11 
5   - 2.717,15 304,16 2.412,99 -2.828,12 
6   - 2.825,84 316,33 2.509,51 -318,61 
7   - 2.938,87 328,98 2.609,89 2.291,27 
8   - 3.056,43 342,14 2.714,28 5.005,56 
9   - 3.178,68 355,83 2.822,85 7.828,41 
10   - 3.305,83 370,06 2.935,77 10.764,18 
11   - 3.438,06 384,86 3.053,20 13.817,38 
12   - 3.575,59 400,26 3.175,33 16.992,71 
13   - 3.718,61 416,27 3.302,34 20.295,05 
14   - 3.867,35 432,92 3.434,43 23.729,48 
15   - 4.022,05 450,24 3.571,81 27.301,29 
16   - 4.182,93 468,25 3.714,68 31.015,98 
17   - 4.350,25 486,98 3.863,27 34.879,25 
18   - 4.524,26 506,45 4.017,80 38.897,05 
19   - 4.705,23 526,71 4.178,51 43.075,56 
20   - 4.893,44 547,78 4.345,65 47.421,22 
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Appendix IV 
Cash Flows (Installation of Photovoltaic System) 
Year  
Initial  
Investment  
Savings  
ESM  Operating  
Costs  
Operating  
Income  
Cumulative  Cash  
Flows  
0   37.500,00 0,00 0,00 -37.500,00 -37.500,00 
1   - 3.272,15 260,00 3.012,15 -34.487,85 
2   - 3.403,04 270,40 3.132,64 -31.355,21 
3   - 3.539,16 281,22 3.257,94 -28.097,27 
4   - 3.680,73 292,46 3.388,26 -24.709,00 
5   - 3.827,96 304,16 3.523,79 -21.185,21 
6   - 3.981,07 316,33 3.664,74 -17.520,47 
7   - 4.140,32 328,98 3.811,33 -13.709,14 
8   - 4.305,93 342,14 3.963,79 -9.745,35 
9   - 4.478,17 355,83 4.122,34 -5.623,01 
10   - 4.657,29 370,06 4.287,23 -1.335,78 
11   - 4.843,58 384,86 4.458,72 3.122,94 
12   - 5.037,33 400,26 4.637,07 7.760,01 
13   - 5.238,82 416,27 4.822,55 12.582,56 
14   - 5.448,37 432,92 5.015,45 17.598,02 
15   - 5.666,31 450,24 5.216,07 22.814,09 
16   - 5.892,96 468,25 5.424,72 28.238,81 
17   - 6.128,68 486,98 5.641,70 33.880,51 
18   - 6.373,83 506,45 5.867,37 39.747,88 
19   - 6.628,78 526,71 6.102,07 45.849,95 
20   - 6.893,93 547,78 6.346,15 52.196,10 
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Appendix V 
Cash Flows (Replacement of Lighting Bulbs) 
Year  
Initial  
Investment  
Savings  
ESM  Operating  
Costs  
Operating  
Income  
Cumulative  Cash  
Flows  
0   8.184,00 0,00 - -8.184,00 -8.184,00 
1   - 473,72 - 473,72 -7.710,28 
2   - 492,67 - 492,67 -7.217,61 
3   - 512,38 - 512,38 -6.705,24 
4   - 532,87 - 532,87 -6.172,37 
5   - 554,19 - 554,19 -5.618,18 
6   - 576,35 - 576,35 -5.041,83 
7   - 599,41 - 599,41 -4.442,42 
8   - 623,38 - 623,38 -3.819,04 
9   - 648,32 - 648,32 -3.170,72 
10   - 674,25 - 674,25 -2.496,47 
11   - 701,22 - 701,22 -1.795,25 
12   - 729,27 - 729,27 -1.065,98 
13   - 758,44 - 758,44 -307,53 
14   - 788,78 - 788,78 481,24 
15   - 820,33 - 820,33 1.301,57 
16   - 853,14 - 853,14 2.154,72 
17   - 887,27 - 887,27 3.041,99 
18   - 922,76 - 922,76 3.964,74 
19   - 959,67 - 959,67 4.924,41 
20   - 998,06 - 998,06 5.922,47 
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Appendix VI 
Cash Flows (Combination of the Feasible ESMs) 
Year  
Initial  
Investment  
Savings  
ESM  Operating  
Costs  
Operating  
Income  
Cumulative  Cash  
Flows  
0   144.522,50 0,00 0,00 -144.522,50 -144.522,50 
1   - 31.881,30 520,00 31.361,30 -113.161,20 
2   - 33.156,56 540,80 32.615,76 -80.545,44 
3   - 34.482,82 562,43 33.920,39 -46.625,05 
4   - 35.862,13 584,93 35.277,20 -11.347,85 
5   - 37.296,62 608,33 36.688,29 25.340,44 
6   - 38.788,48 632,66 38.155,82 63.496,26 
7   - 40.340,02 657,97 39.682,05 103.178,31 
8   - 41.953,62 684,28 41.269,34 144.447,65 
9   - 43.631,77 711,66 42.920,11 187.367,76 
10   - 45.377,04 740,12 44.636,91 232.004,68 
11   - 47.192,12 769,73 46.422,39 278.427,07 
12   - 49.079,80 800,52 48.279,29 326.706,35 
13   - 51.042,99 832,54 50.210,46 376.916,81 
14   - 53.084,71 865,84 52.218,88 429.135,69 
15   - 55.208,10 900,47 54.307,63 483.443,32 
16   - 57.416,43 936,49 56.479,94 539.923,26 
17   - 59.713,08 973,95 58.739,13 598.662,39 
18   - 62.101,61 1.012,91 61.088,70 659.751,09 
19   - 64.585,67 1.053,42 63.532,25 723.283,34 
20   - 67.169,10 1.095,56 66.073,54 789.356,87 
 
